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The ability of ruminants to degrade nutrients in the rumen by 
microbial means makes possible the utilization of vast quantities of 
plant materials for production of meat and milk which otherwise would 
be almost useless in supplying food for man. In the rumen the principal 
end products of carbohydrate fermentation are primarily acetic, 
propionic and butyric acids. 
The volatile fatty acids, absorbed from the rumen in large quanti­
ties, contribute significantly to the energy needs of the body. However, 
in the newborn ruminant the undeveloped state of the rumen does not 
permit the formation of volatile fatty acids and consequently its 
dietary requirements are similar to those of monogastric animals. These 
needs are met mainly by milk or milk substitutes. Hence, the young 
ruminant has been referred to as a nonruminant in regard to metabolism. 
In the young ruminant liquid food by-passes the rumen and reticulum 
because of reflex closure of the esophageal groove. Therefore, for 
proper formulation of milk replacers, it is necessary to know the extent 
to which young ruminants can digest and absorb the various carbohydrates 
in the portion of the digestive tract posterior to the rumen. 
Studies with carbohydrates which are fed in such a way as to 
escape rumen fermentation have indicated that glucose and lactose are 
well utilized, and that the utilization of maltose is dependent upon 
the age of the animal, while starch and sucrose are poorly used. The 
degree of utilization of sucrose and starch remains unclear. When 
blood reducing sugar is used as a measurement of response, it appears 
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that they are poorly used. Conventional digestion trial studies indi­
cate that sucrose and starch are degraded to an appreciable extent due 
to the action of microorganisms in the posterior portion of the 
intestinal tract. 
The present work was undertaken to determine the extent to which 
milk-fed calves are able to digest and metabolize sucrose and to study 
possible metabolic pathways involved in sucrose utilization. 
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REVmf OF^  LITERATURE 
Rumen Development 
Consideration of the development of the rumen includes physical 
structure, absorptive ability and metabolic function. Most of the 
research in the past has been involved with structural changes. First, 
it was observed that roughage diets resulted in both an increase in rumen 
capacity and an increase in papillary development (Brovmlee, 1956; 
Warner et al., 1953). Chemical rather than physical entities were 
postulated by both Warner et al« (1956) and Flatt et al, (1957) as 
being responsible for structural development of the rumen. 
Although the adult ruminant has the ability to absorb large amounts 
of volatile fatty acids from the rumen, newborn ruminants have only a 
very limited ability to do so. The metabolic ability of the undeveloped 
rumen of a newborn ruminant is unknown. The level of blood glucose is 
approximately 100 mg per 100 ml which is in the same range as in most 
nonruminants. During the first 6 to 10 weeks of life this level 
decreases gradually to approximately 50 mg per 100 ml, which is the 
level in adult ruminants (McCarthy and Kesler, 195^ ; Ratcliff et al,, 
1958). Concurrent with the onset of rumination, there is an elevation 
of volatile fatty acid levels in the blood (Craine and Hansen, 1952; 
McCarthy and Kesler, 195^ )» 
As long ago as 1883» Tappeiner demonstrated that the fermentation 
of large amounts of cellulose in the rumen of the ox resulted in the 
formation of large amounts of volatile fatty acids. This observation 
was largely overshadowed, however, by the subsequent work of Kellner 
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and Kohler (I9OO), in which cellulose was found to be of the same energy 
value as starch when fed to steers. 
The studies of Barcroft et al» (19^ )^ on sheep first revealed that 
after dosing the rumen of sheep with a high carbohydrate diet the blood 
glucose rose only slightly, whereas considerable quantities of volatile 
fatty acids (VFA) produced by fermentation in the rumen were absorbed 
from that organ. Since the concentration of VFA in the peripheral 
blood remained low, it was apparent that these acids were metabolized 
either in the liver or in other tissues* Very little carbohydrate 
escapes digestion by rumen microorganisms; therefore, only small amounts 
of glucose or dietary carbohydrates were available for absorption from 
the alimentary tract. 
Utilization of Sucrose %ich By-passes the Rumen 
The ability of the calf to utilize sucrose introduced posteriorly 
to the reticulo-rumen is not completely delineated despite many studies 
which have attempted clarification, A number of different approaches 
have been employed in such investigations, including digestibility, 
growth and blood reducing sugar studies. 
Sucrose in growth and digestion studies 
The disaccharide lactose, which is s^ mthesized in the mammary gland 
and secreted in the milk, appears to be the most suitable carbohydrate 
for calveso Flipse et al, (1950) found that weight gains and feed 
efficiency are greater for young calves fed lactose than those for 
calves fed other carbohydrates. 
Digestion trials have revealed that the young calf is well equipped 
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to handle relatively large araoimts of lactose (Atkinson et al,, 1957). 
Although lactose is usually hydrolyzed in the intestine by the 
enzyme lactase, a small amount can be absorbed in the unhydrolyzed 
form. Since the tissues do not contain an enzyme for utilizing either 
lactose or sucrose, both of these disaccharides if absorbed as such are 
excreted in the urine (Hawk et al., 195^ -; Davenport, 1959)o 
Wallace et al. (1951) reported an apparent digestion coefficient 
of 93^  for sucrose in a ration which contained 32^  sucrose and 50^  
dried skimailk. However, Ruber et al» (1958) found that only 57^  of 
the sucrose was digested in a diet containing 0.7 g sucrose per pound 
of body weight per feeding. This value was based upon samples taken 
from feces which had accumulated in the collection pa.n for 12 hours. 
In the same trial, when the calves were stimulated to defecate at 2-hour 
intervals and the feces samples were frozen immediately, the apparent 
digestion of sucrose was 32^ * Die loss of sucrose after the feces had 
been voided was attributed to microorganisms in the feces, and it was 
postulated that this breakdown began in the large intestine. Further 
support of this hypothesis was the fact that 68^  of the carbohydrates 
in the feces samples collected twice daily was monosaccharides, while 
38^  of the carbohydrates of feces collected by stimulation was mono­
saccharides » Other recent reports have also indicated relatively poor 
utilization of sucrose in the calf (Dollar and Porter, 1959; Okomoto 
et al., 1959)* More recently, Morrill (I963)» using re-entrant ileal 
fistulas in young calves, found a wide variation between animals with 
respect to sucrose digestion, both orad to tho large intestine (range 
12 to Slfo) as well as in the entire gastrointestinal tract (range 12 to 
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99.5^ )• Sucrose was added to the milk at the rate of 10 g for each 
pound of milk. Morrill suggested that the above differences in sucrose 
digestion may be due to differences in intestinal microbial population; 
he also explained the differences in the same animal at different ages 
by assuming a proliferation of intestinal microorganisms. 
The disappearance of sucrose in the small intestine that Morrill 
has reported might be due to hydrolysis of sucrose by enzymes of 
mammalian origin which are believed to occur in the mucosal cells of 
the small intestine (Dahlqvist and Borgstrom, 19^ 1 ; Nelson, 19^ 1'^ ) • Quite 
recently, Gray and Ingelfinger (19^ 5) reported that sucrose absorption 
rates in humans are considerably more rapid in jejunal segments than 
ileal segments and that a difference in surface area alone cannot, 
account for the greater absorption rates in the jejunum. During sucrose 
absorption, appreciable amounts of glucose and fructose appeared in the 
intestinal lumen. The amounts of the monosaccharide products of sucrose 
hydrolysis that accumulated could not be explained by intraluminal 
sucrase activity. These findings suggest that considerable amounts of 
glucose and fructose are released from sucrose hydrolyzed by mucosa-
bound enzymes and that these monosaccharides move from the mucosal 
siorface to the lumen to be absorbed. Furthermore, Santa (1964-) stated 
that invertase-less yeasts were able to use sucrose with no production 
of extracellular liydrolysis, which suggests the transport of sucrose 
through the membrane followed by an intracellular hydrolysis of sucrose 
by an alpha-glucosidase. This enzyme system indicates an inducible 
characteristic, the sucrose being capable of acting as inductor. 
Concerning the digestion of sucrose by other species, Becker 
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et al. (195^ 1-) reported failure of the newborn pig to grow and survive 
on diets high in sucrose. This indicated that the newborn pig does not 
readily hydrolyze the glycosidic bond of sucrose. However, according 
to Lucas's paper (1958) the young pig hydrolyses 0,69 g sucrose per hour 
at 1 week of age which represents 16,56 g per day. The ability to 
digest sucrose increased with age until at 40 lb live weight 50^  sucrose 
in the diet could be tolerated. 
No sucrase activity was measureable in either the small intestine of 
young lambs, or in its contents, at any period up to 35 days of age 
(Walker, 1959). This suggested that thé young lamb is unable to digest 
sucrose in the pre-ruminant period, though once the microorganisms in 
the rumen are present sucrose can be utilized. 
The adult rat is able to digest and utilize sucrose, Blair (1963) 
reported that the sucrase activity of normal adult rats was associated 
mainly with the first half of the small, intestine and decreased to 
negligible amounts at the ileal end, A trace of sucrase activity was 
found in the colon. Furthermore, sucrase activity- was significantly 
decreased by several days of fasting. The decrease was rapid during the 
first 2 to 4 days of the fast. Animals fed carbohydrate-free diets had 
significantly lowered sucrase activities while those with diets con­
taining sucrose showed significantly increased enzyme activity, 
Dahlqvist and Thomson (1963) reported that hydrolysis of sucrose was not 
the factor limiting the rate of absorption. After the intracellular 
liydrolysis of sucrose, the fructose which was liberated diffused back 
into the intestinal lumen to a large extent, and was then absorbed at a 
lower level than the glucose component. Part of the fructose was 
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absorbed in the large intestine. It was concluded to be highly probable 
that there existed for fructose a special transport system separate from 
that for glucose and galactose; for these sugars active transport occurs 
(Crane, 19^ 2) in the brush border by means of a Na'^ '-dependent "mobile 
carrier" system (Crane, 1964). 
Sucrose is one of the main carbohydrates in the diet of man, but 
before it can be absorbed in any significant amounts it has to be split 
into monosaccharidese Dahlqvist (I962) has demonstrated that three 
different maltases, one of which also has invertase activity, are 
present in intestinal cells. 
The disaccharidases are almost totally secreted by the mucosa of 
the small intestine. However, traces of certain ones have been found 
in pancreatic juices (Hudman et al., 1957). The site of lactase 
activity is thought to be within the mucosal cells while maltase and 
invertase act in the lumen of the intestine (Florey et al., 19^ 1). The 
possibility that intestinal microorganisms are important contributors to 
disaccharidase activity was investigated by Larner and Gillespie (1957) 
in germ-free rats. It was observed that the germ-free animals possessed 
just as high maltase and sucrase activities in both intestinal mucosa 
and contents as the normal ones. However, there was such large 
variability in the experiment that the possibility of microbial enzyme 
production was not disproved, 
Huber (1958) stated that sucrase in the intestine of young calves 
is either absent or not present in sufficiently high concentrations to 
be detected by the methods used. It was concluded that one would not 
expect sucrose to be well utilized by the young calf. In a more recent 
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experiment (Huber et al,, I96I) calves were sacrificed at various ages 
from 1 to 44- days to determine the effect of age and diet (whole milk 
and lactose vs. whole milk plus sucrose and starch) on the enzyme 
content of various digestive tissues. These workers found that the 
level of lactase was highest at 1 day of age and decreased thereafter. 
They observed no increase in the maltase level up to 6 weeks of age and 
no sucrase was detected. It was concluded that the diet of the calves 
did not affect the level of digestive enzyme production. 
Semenza et al, (1964) reported that intestinal sucrase was acti­
vated vitro by Na"*", A number of other cations inhibited sucrase 
competitively towards Na"^ , The close similarity in cation dependence of 
intestinal sucrase and of glucose absorption, supports the view that 
sucrase and the glucose-Na* pump are closely located in the brush 
borders. 
The effect of sucrose administration upon blood reducing sugar levels 
One method used to estimate relative carbohydrate absorption is 
the induced rise in blood reducing sugar following a period of fasting. 
Carbohydrates which were fed as normal constituents of the dry 
ration of ruminants were readily fermented by rumen microorganisms and 
failed to produce appreciable changes in blood reducing sugars (Schambye 
and Phillipson, 19^ 9), 
Dollar and Porter (1959) reported a limited response to maltose 
feeding when the calves were about 3 weeks of age, while sucrose resulted 
in no response up to l4 weeks of age. When sucrose was inverted by 
invertase, increases in blood sugar were comparable to those produced by 
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glucose. The possibility of replacing glucose with sucrose plus invertase 
in milk replacer rations was suggested as economically feasible (Okomoto 
et al«, 1959; Velu et al,, I960), 
Huber (I960), using blood reducing sugar changes, reached the con­
clusion that sucrose is poorly digested by the calf because of a 
deficiency in intestinal sucrase, 
Morrill (1963), who found monossacharides in the lumen of the small 
intestine due to hydrolysis of sucrose, wondered why studies have 
invariably shovm no increase in blood reducing sugar due to the ingestion 
of sucrose, Dahlqvist and Borgstrom (I96I), have shown that in humans 
there are certain areas of the small intestine where disaccharides are 
absorbed and subsequently hydrolyzed. Perhaps in the calf there exists 
an area in the small intestine orad to the location where sucrose is 
first hydrolyzed where monosaccharides are efficiently absorbed. This 
hypothesis is strengthened by the findings of Larsen et al, (1956) who 
injected glucose into the exteriorized and ligated rumina, caeca, 
jejuna, and ilea of two calves, A much greater increase in reducing 
sugar concentration was detected in venous blood from the jejunum than 
from the other areas; also, a small increase in reducing sugar in blood 
draining the caecum was reported. 
The fact that sucrose is hydrolyzed 3^  vivo without a resulting 
increase in blood reducing sugar or an excessive accumulation of mono­
saccharides in the intestine indicates that the invert sugar is further 
metabolized to other metabolites, possibly volatile fatty acids. 
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Volatile Fatty Acids (VFA) Posterior to the Stomach 
EJven though there have been numerous studies on the effect of 
ration on rumen VFA, little is known concerning factors which affect the 
concentrations of fermentation products in the lower digestive tract, 
Huber and Moore (196^ ) reported that concentrations of total acids in 
the small intestine were quite low, indicating either negligible fermen­
tation or rapid absorption» Acetic and lactic acids accounted for 
almost all of the acid present in the small intestine. However, Ward 
et al. (1961) observed considerable propionic, butyric and formic acids 
in contents of the small intestine. Total acid concentration was much 
higher in the large intestine and caecum according to the above reports. 
Acetic, propionic, butyric and lactic acids accounted for almost all 
of the acid in the large intestine and caecum, vrith acetic acid pre­
dominating. 
Absorption of volatile fatty acids 
To ascertain whether VFA produced in the large intestine and caecum 
play an important role in nutrition, it was necessary to show that they 
are absorbed from the alimentary tract. 
Barcroft et al, (19^ ) have shoTO that the caecum is one of the 
parts of the ruminant digestive tract from which considerable absorp­
tion of VFA occurs. 
In work ifith Holstein calves Yang and Thomas (19^ 3) found 75 and 1? 
molar per cent of acetate and propionate for the caecum and colon vs, 
66 and 2^  molar per cent, respectively, for the rumen. Studies on in 
vitro oxidation of a VFA mixture of acetate, propionate and butyrate 
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(Packett et al,, 1$66) have shown that the caecal epithelium had a 
significantly greater preference for acetate and significantly lower 
preference for butyrate than ruminai epithelium. Furthermore, they 
stated that a direct relationship exists betw-een VFA of ingesta and 
rate of utilization of these acids by epithelial tissues. Caecal 
mucosa utilized approximately 75^  as much VFA as rumen mucosa on a drj'" 
basis. Preliminary work using epithelial tissue from various areas of 
the colon has indicated that the characteristics of VFA oxidation in 
vitro in the colon are similar to those of the caecal epithelium. 
Energy contributions of the volatile fatty acids 
Carroll and Hungate (195^ )» using simulated rumen conditions, 
studied the production of VFA and estimated the energy available from 
the fermentation acids. This source provided about 70^  of the total 
energy requirement of cattle. Similar results were obtained with sheep 
by Cuthbertson (1958)» who calculated that about 70^  of the energy of 
hay-fed sheep was provided by fatty acids. He stated that the VFA are 
much more important quantitatively than glucose as a source of energy, 
A study by Young (1903)» involving intravenous injections into 
young milk-fed calves of salts of acetic, propionic and butyric acids, 
14 labeled trith C in the carboxyl position, showed that young calves 
are capable of metabolizing acetate, propionate and butyrate, Averages 
of both the per cent of total expired CO^  derived from infused acids 
and the per cent of maintenance energy obtained from the oxidized 
portion of the infused acid indicated that these acids contributed 
between 20 and 30^  of the total energy needs of the calves. 
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Davis et al.' (I960) injected into young milk-fed calves, 1-C^  ^
acetate immediately prior to feeding and found that half of the acetate 
entering the acetate pool was oxidised to CO^  and half was metabolized 
by other pathways» The oxidized acetate accounted for 50^  of the 
expired COg, If it is assumed that all substrates oxidized were at the 
same oxidation level as acetate, then acetate supplied approximately 
50^  of the total energy of the animal» 
Metabolic pathways of volatile fatty acids 
All fatty acids must be activated to the acyl-CoA derivatives 
before being metabolized. The over-all reaction proposed by Mahler 
et al, (1953) was: 
Fatty acid + ATP + CoA ) Acyl-CoA + AMP + PP 
The meaning of the abbreviations are; ATP = adenosine tri­
phosphate, AI'IP = adenosine monophosphate, CoA = coenzjone A, PP = 
pyrophosphate. 
An aceto-CoA-kinase was crystallized from yeast by Berg (1956) who 
postulated the following mechanism for the activation of acetate 
ATP + Acetate —> Acetyl-AMP + PP 
Acetyl-AMP + CoA —4 Acetyl-CoA + AMP 
Acetyl-CoA occupies a central position in the metabolism of many 
organic compounds. It is a bridge between catabolism (dégradative 
reactions) and anabolism (synthetic reations). Fat, carbohydrate, and 
protein are broken doim to acetyl-CoA which enters into the citric acid 
cycle by condensing with oxalacetate (Krebs, 1950 • It may be utilized 
in a variety of ways. In mammalian organisms, the major pathway is its 
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oxidation to COg and water via the citric acid circle. In addition, 
various synthetic reactions utilize acetyl-CoA as the primary reactant. 
The synthesis of fatty acids, cholesterol and other steroids, acetyl-
sugars, acetyl-amines, and acetyl-choline all require acetyl-CoA as the 
precursor. -Ketone bodies my be formed in the liver from acetyl-CoA if 
other pathways are occluded (Olson, I963). 
The biosynthesis of fatty acids occurs by tiTo distinct systems 
(Wakil, 1961). One, probably the main pathway, is a non-mitochondrial 
system located in the cytoplasm of the cell and involved the formation 
of malonyl-CoA by fixation of CO^  in acetyl-CoA followed by multiple 
condensation elimination of COg and subsequent reduction. Reduced 
nicotinamide adenine dinucleotide phosphate (NADHIg) appears to be the 
reducing agent. In addition, this system contains an acyl-carrier 
protein (ACP), to which the acyl intermediates are bound throughout the 
course of the synthetic process (Alberts et al., 19^ 3; Vagelos, 1964). 
This pathway differs from the P-oxidation pathway of fatty acid degra­
dation so that cellular controls of both synthesis and degradation are 
facilitated. The othei- pathway is a mitochondrial system involving 
enzymes similar to those of the g-oxidation scheme and is Imown as the 
elongation system (Wakil, I96O), 
It is also possible in plants and bacteria for acetate to join in 
carbohydrate s^ mthesis, A system exists that could give a net forma­
tion of malate from acetate and either isocitrate or glyoxylate in the 
presence of enzymes of the citric acid cycle (isocitrase and malate 
sjmthetase). Tiiis system, coupled T-rith the phosphoenol pyruvic 
carbo:ykinase ensjmie, may result in sjmthesis of carbohydrates (Conn 
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and Sturapf, 1963)0 
Acetyl-CoA plays a role as a precursor of several amino acids. 
Black and Eleiber (1957) found in studies with intact cows that 
from acetate was transferred most directly to glutamic acid.formed from 
a-ketoglutarate and with greater dilution to aspartic acid, serine and 
alanine formed from oxalacetate. 
The common pathway of the oxidation of acetyl-CoA to COg and 
water is the citric acid cycle, Acetyl-CoA condenses with oxalacetic 
acid to form citric acid which is degraded step-rise through a-keto~ 
glutaric acid, succinyl-CoA, succinic, fumaric, and malic acids to 
yield 8 hydrogen atoms or electrons, 2 molecules of CO^  and oxalacetic 
acid. Another molecule of acetyl-CoA then reacts with the regenerated 
oxalacetic acid to initiate another turn of the cycle and so forth. 
The energy of carbon-carbon and carbon-hydrogen bonds of the acetyl 
group introduced into the citric acid cycle is conserved in the 8 
electrons which are removed from citric acid cycle acids by specific 
dehydrogenases during a turn of the cycle. Tliese electrons are then 
introduced via nicotinamide adenine dinucleotide (NAD) or flavin-adenine 
dinucleotide (FAD) into the electron transport chain for transfer to 
ozgrgen. Tliis is a steprise process involving several electron transport 
enzj'mes and their cofactors, Tlae energy of the pair of electrons 
released from substrate (AH^ ) is released gradually in the steptri.se 
transfer via NAD, flavo-protein, Q-protein and the cytochromes as 
following ; 
S 
AH —^ AD-4FAI)--A-^ Cy t .b—4Cy t. c—»Cyt. a--+Cy t, a-_^ „0 
i i I I  ^
A ATP ATP ATP 
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In this process 3 molecules of inorganic phosphate are taken up to 
produce, after a series of displacement reactions, 3 molecules of ATP 
(Minier and Massey» 1965)* The spent electrons finally form a molecule 
of water from oxygen via cytochrome oxidase (Cyt.a^ ). This over-all 
process is Icnoim as oxidative phosphorylation and represents a step in 
energy conservation by the cell. In this manner, the energy of acetyl-
CoA is converted to ATP which is the driving force for most energy-
requiring reactions in the cell. 
The metabolism of propionate is distinctly different from the 
metabo3.ism of acetate. Propionate is highly glycogenic,' Lorber et al, 
(1950) fed isotopic propionate, labeled in the methyl or methylene 
position, T-rhich gave rise to glucose labeled predominately and equally 
in carbons 1, 2, 5» and 6, I'Jhen it was assumed that jiyruvate is an 
obligatory intermediate in glucose formation, the results indicated that 
propionate gives rise to pyruvate, but in the process the methyl and 
methylene carbons of the propionate lose their orientation and become 
equally distributed between the corresponding groups of pyruvate, 'Die 
mechanism has been e:cplained by Lardy and Peanasly (1953) who found 
that CO^  could carbo:^ ylate propionate to form succinate which is a 
sjo-iimeti-ical molecule, 
Succinate either can be oxidized completely via the citric acid 
cycle or utilized for carbohydrate synthesis via phosphoenol pyruvate 
and the reverse of glycolysis (Pennington and Sutherland, 1956)* 
Another pathway of propionate metabolism, possibly minor, involves 
the oxidation of propionate to pyruvate via acrylate and lactate 
(Baldwin et al,, I962), Once propionate has been dehydrogenated to 
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acrylate, it is possible to form several compounds such as lactate, 
malonate and ^ -alanine (Vagelos et al., 1959)» 
Propionate also may play a role in the synthesis of long-chain 
odd-numbered fatty acids (Green, 1955)• 
Sucrose as a Cause of Diarrhoea 
•In the healthy subject scarcely any bacteria are present in the 
simll intestine (Weijers and Van De Earner, I96':), They are found only 
in the ileocaecal region and in the colon. In the normal flora there is 
a balance between two types of bacteria, namely, saccharolytic and 
saccharo-proteolytic. 
The activity of the saccharolytic flora depends on the availa­
bility of carbohydrates in the lower part of the small intestine,'v.;The 
different carbohydrates involved may be taken to be sucrose as well as 
other disaccharides (maltose, isomaltose, cellobiose and lactose), 
polysaccharides (starch and cellulose), and monosaccharides (glucose, 
fructose and galactose). I'Jhen the carbohydrates reach the ileocaecal 
region either because there is some disturbance of absorption in the 
small intestine or because of lack of enzymes, diarrhoea develops and 
there is production of excessive amounts of lactic acid because of 
fermentation of the carbohydrates (Weijers and Van De Earner, I962), 
Acceleration of passage of material through the intestine is produced 
by hyperperistalsis which leads to impaired absorption. Miatever the 
cause of diarrhoea, its seriousness will correspond to the speed of 
passage. 
The enzyme deficiencies which give rise to fermentative diarrhoea 
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may be primary or secondary in character. Primary deficiencies may be 
absolute or relative. The less enzyme produced the less the tolerance 
towards the sugar and the more easily will diarrhoea develop. The 
prognosis in primary deficiency of an enzyme depends on whether the 
deficiency is relative or absolute. If an enzyme is completely absent it 
is unlikely ever to be formed, but if the deficiency is only relative, 
improvement may in many cases be expected (Dahlqvist, I966),' 
The ingestion of several carbohydrates has been thought to be 
related to incidence of diarrhoea. In a study with man (Weijers and 
Van De Earner, 19^ 5) the bacteria which are predominantly saccharolytic 
in their action are Lacto~bacillus bifidus and L. acidophilus. Both 
ferment sucrose as well as other di- and monosaccharides, primarily to 
lactic acid. Predominantly saccharolytic but ifith a facultative 
capacity to decarboxylate amino acids, are the Lancefield D streptococci 
(St. Faecalis, St. durans). Among the saccharo-proteolytic components 
of the intestinal flora are the different Enterobacteria. 
One other investigation (Blaxter and Wood, 1953) suggested several 
manners in which lactose may cause diarrhoea, the principal one being a 
hydrogogue action which results in an interference with water and 
organic nutrient absorption. This interference is attributed to great 
amounts of the carbohydrates reaching the lower tract in an unhydrolyzed 
form. 
In studies with infants intolerant to sucrose (Rosenkrans, I965), 
the disorders were characterized by vague or serious abdominal com­
plaints, not always accompanied by urgency of defecation since the 
abnormal intestinal irritation is localized in the ileocaecal region 
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and in the upper part of the colon, but not in the terminal part. 
Prosence in feces of- large amounts of lactic and acetic acids is a more 
reliable criterion (Weijers et al.', I961). In most cases the pH of 
feces is ].ow (between 4 and 6) and the feces contain much fine mucus, 
derived from the small intestine, and sometimes coarser mucus as well, 
the latter derived from the large intestine and indicating irritation 
of the colon. According to Goiffon (1949), fermentation in the intestine 
may in certain circumstances be accompanied by secondary putrifaction, 
leading to an alkaline reaction in the feces. The pH of feces, there­
fore, is not always a reliable criterion for presence or absence of 
fermentation. 
Administration of enzyine preparations (Weijers et al., I96I) by 
mouth proved unsatisfactory as a substitute for body enzymes; however, 
addition of invertase to the diet sometimes was sufficient to alleviate 
the condition.' 
It is claimed that feeding sucrose to young calves results in 
rather severe diarrhoea (Huber et al., 1958; Velu et al., I960), Thus, 
Huber (1958) reported that addition of 2.5^  sucrose and 0.5^  starch to 
whole milk invariably caused the passage of watery feces in calves from 
birth to 6 weeks of age. 
Inclusion of 5»^  ^sucrose in a synthetic mille ration for newborn 
pigs caused severe diarrhoea with a high percentage of deaths within 4 
days after the pigs were placed on the sucrose diet (Becker et al., 
1954). However, at 1 week of age the young pig is able to hydrolyze 
0.69 g of sucrose per hour (Lucas, 1958). 
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It is clear from the above that although absorption and digestion 
of carbohydrates may be disturbed in a number of different ways, the 
result is always the same, Unabsorbed carbohydrates are attacked by the 
bacterial flora in the ileo-caecal region and the colon; the saccharo-
lytic flora become predominant i-jith over-production of acids of low 
molecular weight, especially lactic and acetic acids« The irritating 
effect of tliese acids on the mucosa causes hyperperistalsis and 
accelerates passage of digesta; their osmotic effect may be responsible 
for excretion of water and for disturbance of its absorption which will 
lead to acidic watery diarrhoea. 
21 
EXFERIMENTâL PROCEDURE 
General Management and Preparation of Experimental Animals 
The data of a preliminary experiment revealed that C^ -^sucrose 
given orally to a 6-week-old, milk-fed calf was digested to an appre-
li], 
ciable extent as indicated by the incomplete recovery of C in the 
feces» At the same time C was foimd in the expired air and urine. 
The principal objectives of this investigation were; l) to determine 
the extent to which milk-fed calves at ages 3 to 7 weeks are able to 
digest and metabolize sucrose, 2) to determine the site in the gastro­
intestinal tract where the main digestion occurs, and 3) to study the 
pathways by which sucrose is utilized.' 
Accordingly, the general plan of study was to give to the animals 
uniformly C^ -^labeled sucrose a) orally and b) in the caecum; and to 
measure 1) the rate of oxidation by monitoring expired COg for radio­
activity and 2) the total excreted into the urine and feces as well 
1^  
as the incorporation of C into various metabolic compounds. Samples 
of blood were vri-thdrawn at certain intervals after administration of 
the labeled sucrose so that the incorporation of into various 
metabolic intermediates could be determined. 
Feeding and general management of experimental animals 
Four animals from the Iowa State University dairy herd were used 
in this stud^ r.' Descriptive data for these animals are given in 
Table 14 of the Appendix, 
Throughout the experiment these calves were fed whole milk at a 
daily rate of 1 kg per 10 kg of body weight in two equal feedings at 
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6 am and 6 pm." Each calf received daily in the milk a supplement con­
taining vitamins A and D» 10,000 I,U, and 1,000 I.U., respectively, and 
an antibiotic pi'emix which provided approximately 50 mg aureoitQœin. At 
aU times the milk,was fed from a nipple pail. 
The anjjmls were housed in individual pens constructed of metal 
and masonry. To prevent roughage consumption, no bedding was used. 
Occasionally, each calf was placed in the digestion stall for training. 
Next, the calf was fitted viith a face mask which was worn for increas­
ingly long periods, so that the calf would not be disturbed by the mask 
during the experimental period,' 
Experimental treatments 
TtiTo age groups and two treatments were employed. The treatments 
involved method of administration of sucrose, either oral or caecal 
through a caecal tube. The number of animals receiving each treatment 
and the average age is shoTO in Table 1,' 





Average age (days) 
26 41 
Oral 2 2 
Caecal 2 2 
The order of treatment was randomly assigned to the animals. Tlie 
names and the herd numbers of animals receiving the different treatments 
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at each age are given in Table 14 of the AppendiXo 
Establishment of the caecal tubes 
The operative technique was similar for all animals. The opera­
tion» conducted when each calf was about 2 weeks old, followed a 24-hour 
fast. After the animal was treated with a general tranquilizer, it was 
fastened on a surgery table and full anesthesia induced with Surital 
p 
Na (Parke, Davis and Company, Detroit, Mich.) and subsequently main-
R tained with Fluothane (Ayerst Laboratories, Inc., New York, N.Y.) in 
closed circuit anesthesia apparatus. Its ri^t flank region between 
the last rib and the hip bone, clipped in advance, was scrubbed with an 
R 
antiseptic soap and painted with a tincture of Zephiran (Wintrop 
Laboratories, 90 Park Avenue, New York, N.Y,), A vertical incision was 
made extending from a point slightly ventral to the right paralumbar 
fossa downward 4 inches. The skin was incised, and fascia and muscle 
tissue were dissected blunt dissection techniques. After the 
peritoneum of the operative area had been lifted with hemostats, it was 
cut and the visceral cavity was exposed. The caecum could be identified 
as a short thick organ which emerged from the intestinal complex and was 
situated dorsally, A stab wound was made in the ileum, at a distance 
4 inches from the ileo-caecal junction with a 5-inch long No. 10 l^poder-
mic needle. A polyvinyl tube (0,059 inch i,d, x 0,091 Such o,d,) was 
introduced through this needle and was directed to the caecum through the 
ileo-caecal junction so that 6 inches of the tube extended into the 
caecum, IHie tube was then sutured at the point of its entrance with the 
purse string suture technique. The free end of the tube was threaded 
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through the muscle tissue and fascia, and then directed dorsally under 
the skin until it was passed through the skin on the border of the 
paralumbar fossa; at this point it was fastened by means of stay sutures 
to the skin, flushed with saline solution and closed off by means of a 
two-way valve and a cap (Fig. 1). The peritoneum muscle, fascia and skin 
of the incision were sutured separately with 8 to 10 sutures, following 
the introduction of two Polyotic^ (American Cyanamid Company, Princeton, 
N.J,) oblets into the peritoneal cavity. The area of the wound then was 
treated topically with antibiotics (penicillin-streptomycin). 
Preparation of the calves for the trials 
The experiment consisted of an 8 to 12-day adjustment period 
(Table 2) and a 3-day collection period. 
It was desirable to use as long an adjustment period as possible so 
that the animal could recover from the stress imposed by the sucrose 
during the first 3 to 4 days, when scouring always occurred. 
Table 2. Time in days the animals received cold sucrose before each 
trial 
Method of administration 
Calf Oral Caecal 
Konstantis 9 10 
General 12 11 
Benitto 12 11 
Ouverto 11 8 
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On the day before the trial the calf was weighed, and maintenance 
energy requirements were estimated using Brody*s formula (19^ 1-5) î 
TDW = 0.0436 M 
This formula gives the 24-hour requirement of total digestible 
nutrients (TDM) in pounds for body weight, M, also in pounds. The 
maintenance requirement in kilocalories was obtained by multiplying the 
TDN requirement in pounds by 2000, a factor determined by Std-ft (1957)* 
This makes it possible to express the combustible energy value of sucrose 
oxidized to CO^  as a fraction of the maintenance energy requirement of 
the calf for a 24-hour period. 
On the day before the trial the neck of the calf was clipped. 
Before the trial a catheter was established in the right external 
jugular vein by the technique of Ralston et al. (1949) and secured by 
wrapping elastic tape around the neck several times. 
The catheters were kept patent by injecting about 10 ml saline 
solution containing 0.01^  heparin sodium (containing 10,000 U.S.P. 
units/cc, Lederle Laboratories Division, American Cyanamid Company, 
Pearl River, N.Y.). All catheters were removed during the second day 
of the trial. 
After the catheter had been established, the calf was put into the 
digestion stall and the trial.was started. All the trials were started 
between 3:00 and 5:00 pra except the last one which was started at 
11:00 am. Prior to the trial the calves were fed at 6:00 am with the 
exception of the last trial for which the animal was fed at 6:00 ptti the 
previous afternoon. 
Fig, 1. Location of entrance of caecal tube 
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The sucrose used was corman table sugar. After 'the sugar to be 
1L\, 
fed had been weighed into a beaker, 100 yuc of uniformly labeled C -
sucrose and 100 nil of distilled water were added. Tliis solution was 
injected into the caecum or was added to the milk, if the sucrose was to 
be given orally to the animal.' In the former instance, the sucrose 
solution was delivered into the caecum by a syrnjige. In the latter, 
warmed milk and sucrose were given to the animal from a nipple pail.' At 
12-hour intervals the animals were offered a feeding of milk, but no 
sucrose was added during the collection period.' 
Since the first trials were conducted early in the spring in a 
poorly heated corner of a barn, "bi-To infra-red lamps were placed over 
the digestion stall to warm, the animal and miiiiinise stress. 
Collection and Sampling Procedures 
Collection and sampling of expired air 
14 
The total C 0 in expired air was used as an indication of the 
rate of oxidation of the digested products of C~ -labeled sucrose that 
had been given to the animals. 
Tlie trapping of the respirated CO^  necessitated the following 
equiprient (Fig. 2 and 3). 
1) Face mask.' This was constructed according to the plan of 
îCibler (19^ 0) as modified by Young (19^ 3)' 
2) Three-way valve/ The modified Otis-McKerrow valve was used 
(ITarren E. Collins, Inc., Boston, %ss.). 
3) Rubber breathing bag. This was used as a reservoir for the 
expired gas (Warren E. Collins, Inc., Boston, Mass.). 
4) COg trap. A series of three 4-1 jars were connected by rubber 
tubes while plastic tubes 40 cm length and l/8 inch i.d. were immersed 
so that 20 cm extended into the 2 ]. of soluti.on in each jar. The 
expired air was bubbled through 2,5 N NaOH from ten peripheral holes 
l/l6 inch i.d, along the dipped part of the plastic tube and then passed 
to the next jar through the rubber tube. 
5) Vacuum system. This was constructed from two water aspirators, 
the use of a "Y" tube it was possible to connect the two aspirators 
with the last jar so that the expired air passed thi'-ough the solution 
without additional effort by the animal. 
The rubber breathing bag was connected to the first jar by a 1.5 m 
length of 1,5 inch i.d,' radiator hose.' Tlie rubber bag was fastened to 
the three-way valve which was connected to the face mask by a 1,5 inch 
i,d, flexible tube. 
Immediately after the administration of sucrose the face mask was 
attached to the calf, and the collection of expired air begun. The 
collection was continuous throughout the first 15 hours of the experi­
ment except for the 5th and 11th hours during which the face mask was 
removed fro;;i the calf and it was continued as long as an appreciable 
amount of was recorded. Occasionally the face mask was removed 
at other times either because the calf had become overexcited or because 
of technical difficulties, % having more than one three-jar set 
available at each time, it was possible to change the trap-hourly in a 
few seconds and still continuously collect COg by the use of the rubber 
bag as a reservoir. After a trap liad been used for an hour, it was left 





COc TRAP CONTAINING 
2.5 NaOH 
VACUUM SYSTEM (WATER ASPIRATORS) 
(A) (0) 
Fig. 3. Apparatus trapping the expired CO^ 
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closed for about 1 hour to insure complete COg absorption. Then it was 
considered ready for analysis. 
The three jars in the CO2 trap, labeled "A", "B", and "C" con­
tained about 2,000 ml of freshly prepared 2,5 N NaOH, At least 
55-60^ of the collected COg was trapped in jar "A" and 25-35^ in jar 
"B" leaving a 10-15^ of the collected CO^ to be trapped in the final 
jar "C", 
After a preliminary experiment using five jars, it was calculated 
that the collected COg in the series of three jars corresponded to 
85-90^ of the COg actually expired. The five-jar set was not chosen for 
the experiment because of handling difficulties. 
Collection and sampling of feces 
All feces were collected during the 3 days that calves were in the 
digestion stall,' Immediately after defecation, the plastic bag con­
taining the feces was removed from the animal and after thorough mixing 
and weighing, 5 g of the feces were placed in a 6OO ml glass jar and 
an aqueous suspension was prepared (1 part feces to 30-50 parts water, 
depending upon the consistency of the feces) by adding distilled water 
and shaking the jar vigorously,' Both the undiluted and diluted feces 
were placed in a freezer set about -25 °C until chemical determina­
tions could be made. At the end of the Jvd day, which was the end of 
the collection period, fecal samples were taken by mechanical ,stimulation. 
Incidence and severity of scours subsequent to sucrose administra­
tion were recorded;- Severity was rated on an arbitrary scale: N, IS, 28, 
3S and ^ S, A rating of N indicated normal, firm feces while 4S was used 
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to describe very watery feces. 
Collection and sampling of urine 
To determine the total amount of radioactivity as well as the 
specific components containing the radioactivity, urine was collected 
from the collection pan under the expanded metal floor of the stall 
while the animal was in the digestion stall; the total volume was 
recorded hourly during the first 15 hours and subsequently at 6-hour 
Intervals, A sample, about 50 ml, was taken at the end of the 3-day 
collection period and all the samples were stored at -25 °C until 
analyzed»' 
Sampling of blood 
Metabolic pathways were studied by making chemical determinations 
of blood sucrose, fructose, glucose and organic acids; and by recording 
the radioactivity of those compounds. 
Blood samples of - 51 ml were withdrawn by syringe through the 
catheter at 0, 1, 2, 4, 7, 12, and 17 hours after C^^-labeled sucrose 
administration; variations of this schedule appear in Tables 40 to 43 of 
the Appendix, Heparin was used as an anticoagulant; it was also used 
in saline solution (dilution 1:10,000) to flush the catheter after 
sampling; the catheter was then clamped shut with a 2 way valve, 
A portion of each sample, about 15 ml, was centrifuged immediately 
after the collection; and the plasma removed and stored at -25 °C for 
later determination of total radioactivity and analysis. 
Another portion of blood was put at -25 °C immediately. Later 
this sample was thawed and about 10 ml was laked with 5 vol,' of water. 
yt-
and a protein-free filtrate was prepared by the Nelson-Somogyi method 
(Nelson, 19#). The precipitate was removed by centrifugation and the 
supernatant was filtered through glass wool.' 
The filtrate, having a final dilution of 1 to 10, was then divided 
for various analyses;' One portion of 50 ml, equivalent to 5 ml of 
whole blood; was made alkaline and its volume reduced for organic acid 
analysis to 1 - 2 ml in a vacuum oven at 55 °C,' A 20 ml portion of 
filtrate was reduced in volume to about 1 ml in an oven at 80 °C and 
was used for sugar analysis," After reduction in volume all samples 
were again stored at -25 °C until ready for analysis. 
Analysis of Samples 
The analysis of samples was directed toward measuring the radio­
activity in expired COg, feces, urine and blood plasma and in protein 
and lipid fractions as well as the soluble fraction of feces and blood. 
The term soluble fraction is used for all the components which remain 
in the water layer after extraction of lipid and precipitation of pro­
tein according to the method of Williams (1962)." Furthermore the 
soluble fractions of feces and urine were analyzed chromatographically 
for sucrose and other sugars,' while protein-free filtrate of the blood 
was analyzed for sugars and organic acids. 
Analysis of expired COg 
The total expired COg was determined the Walker and Lougheed 
(1962) method;' A sample of 10 ml of NaOH solution from the collecting 
jars was neutralized with 1 N and O,"! N HCl to the phenolphthalein 
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end-point and then titrated with .Oi?! N HGl to the brom cresol green end-
pointi^* The raillieqtiivalents (mèq) of HCl required to bring the sample 
of 10 ml NaOH-JIa_CO trapping solution, from the phenolphthalein end-point 
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to the brom cresol green end-point represents the meq of carbonate in the 
sample;' From the meq of carbonate in ttie titrated sample, one can 
calculate the total carbon oxidized;' The "A" samples, the 1st in the 
trap series; were titrated in duplicate; inasmuch as they contained 2/3 
of the COg: whereas the "B" and "C" samples were titrated singly,' 
The expired C 0^ trapped in the NaOH was determined by placing 0;i 
and 0;-2 ml of the NaOH solution into polyethylene scintillation vials 
containing 15 ml dioxane scintillation mixture and mixing thorougbly!"" 
The dioxane scintillation mixture (Bruno and Christian, 19^1) consisted 
of a solution of 1 volé' xylene, 3 vol.^ dioxane, and 3 vol; ethylene 
glycol monoethyl ether (Cellosolve) with 1,0^ 2-5-di-phenyloxaaole (PPO), 
0;5^ l,4-bis-2 (5-phenyloxazolyl)-bfflizene (POPOP) and 8^ naphthalene^ 
Each sample was then counted In a Packard TRl-CARB Liquid Scintillation 
Spectrometer, model 3002;' The counting efficiency was determined for 
each sample by adding standard Na^C Oj and recounting;^ 
Analysis of urine 
1^  ïhe total amount of C in the urine was determined by placing a 
sample of 0;1 and 012 ml of each sample of urine into scintillation vials 
containing 15 ml dioxane scintillation mixture and counting;^ The effioientqr 
was determined bjr adding standard C^^-toluene solution and recounting? 
For sugar identification an aliquot of urine was chromatographed on 
a thin layer plate#'' Ihe method of Stahl and Kaltenbach (I96I) was 
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used with the following modifications: a) an initial step in which 20 ml 
methanol was added to 10 ml urinej the mixture allowed to stand for an 
hour and then centrifuged for 10 min at 2000 RFM to remove the precipi­
tate^ b) 20 ml of the supernatant solution was decanted into a glass 
vial and evaporated to one-third the original volume in an oven at 55 °C,'' 
Sensitivity of the chromatography was about Oil y^g;' In other 
wordsV if 10 ^ 1 of urine is used, a sugar content of 1 mg per 100 ml of 
solution could be detected; 
Ihe spots of the chromatograms corresponding to different sugars 
were scraped into scintillation vials containing 15 ml dioxane scin­
tillation mixture;' The counting efficiency was determined for each 
sample by adding standard C -toluene and recounting".'-
Analysis of feces 
The total amount of in the feces was determined by placing 0^1 
and Oo2 ml samples of aqueous suspensions of feces (1 part feces to 
30-50 parts water) into scintillation vials containing 15 ml dioxane 
scintillation mixture. 
For sugar identification the same method as with urine analysis was 
used with the foUovxing modification;' Five g of feces were thoroughly 
mixed with water, the mixture was centrifuged and a protein-free filtrate 
was prepared from the supernatant according to the Nelson (19^) method. 
Furthermore, the fecal lipids were extracted with a one-phase 
mixture of chloroform, methanol, water and acetic acid, according to 
the method of Williams (I962) The mixture of solvents and feces were 
homogenized and then transferred to a centrifuge tube and centrifuged 
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for 10 min. The water layer, which lay on the top, was withdrawn and 
the remainder was washed with water to remove nonlipid impurities, 
leaving the lipids in the chloroform layer. The protein column formed 
above the chloroform layer was removed and dissolved in 2 ml of hyamine 
(Hydroxide of îtyamine, Packard Instrument Company). 
III. 
The total amount of C in extracted lipid, protein fraction, and 
soluble materials was determined by the same technique as for total 
Analysis of blood 
Total amount of was determined for plasma as well as for lipids, 
protein and water soluble materials. 
Procedures for sugar identification in protein-free filtrate were 
the same as for feces. 
The volatile fatty acids in the filtrate were analyzed by the thin 
layer chromatographic procedure of Lynes (196^ )» 
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RESULTS AND DISCUSSION 
The results of this investigation and a discussion thereof will be 
presented under the following general headings: a) general response and 
health of calves, b) digestion of sucrose in the gastrointestinal tract, 
c) urinary excretion of digested products of sucrose, d) oxidation of 
sucrose digestion products to CO^ ,"e) possible metabolic pathways of 
digested sucrose and j) general comments» 
General Response of the Calves 
Recovery of the calves from the operation to install the plastic 
tube into the caecum was rapid and the growth and physical condition 
of all the calves were satisfactory. The general clinical response of 
the animals during the experiment was satisfactory. No serious abnor­
malities were observed. 
The placing of the face mask on the calf usually was followed by a 
temporary increase in respiration. Animals were kept as quiet as 
possible while they wore the face mask. The behavior of the animals 
seemed to be related to the temperament of the individual calf. For 
example, calf Ouverte, which was a nervous animal, became very excited, 
especially during the first hours of the experiment, kicking and moving 
his legs in all directions, so that he was difficult to handle. 
Another characteristic response of the calves was frequent urina­
tion, especially during the first hours of the experiment. This ceased 
after 5 to 10 hours and there did not seem to be any aftereffects. 
After this time most of the calves lay quietly in the digestion stall. 
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The calves were offered water during the 5th and 11th hour breaks. 
In most cases the calves drank slowly at first but the water was con­
sumed readily. At 12-hour intervals, they were offered a feeding of 
milk. In. all cases the milk was consumed normally» 
Digestion of Sucrose in the Gastrointestinal Tract 
.Digestion coefficients for all trials are presented in Table 3. It 
should be noted that the.term "digestion" in this study means degradation 
of sucrose possibly all the way to COg and H^ O, 
Table 3* Digestion coefficients based on recovery of activity and 
sucrose recovery 
Calf 
Method of ' -
administration Konstantis General Benitto Ouverte Mean 
Die. coef. based on activity recovery 
Oral 87.2 84.7 64.1 78.2 78.6 
Caecal 70.6 75.6 25.2 84.6 64.0 
Die. coef. based on sucrose recovery 
Oral 100.0 99.2 88.8 98.5 96.6 
Caecum 100.0 98.2 52.6 97.7 87.1 
The high apparent digestion values based upon the recovery of 
sucrose in feces are in disagreement with previous studies (Huber, I96O; 
Huber et al,, I96I), However, the digestion values based upon the 
average activity of the feces are lower, ranging from 6k to 87^ , The 
striking figure of 25^  in the case of injection of sucrose in calf 
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Benitto is due not to inability of this calf to utilize sucrose but 
rather to the quick passage of the solution through the large intestine 
since the caecal tube had migrated from the caecum to the large intestine 
and the injected solution actually went into the colon. 
Total activity in the feces is shown in Fig. No attempt was 
made to induce defecation at regular intervals of timeo However, an 
effort was made to place the samples of feces in a freezer immediately 
after they were voided so that fermentation could be minimized. The 
collected feces were easily mixed for sampling, since most of the feces 
were soft (high moisture). 
With two of the calves (Konstantis and General) sucrose digestion was 
greater when the sucrose was given orally. With the calf'Ouverte, on the 
other hand, higher digestion values were observed when sucrose was 
injected into the caecum. 
Chromatographic examination of the protein-free filtrate from the 
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water-soluble portion of feces revealed that the amount of C in the 
form of sucrose or simple sugars in the feces was relatively small 
(Table 4, Fig. 5 and 6). 
Furthermore, a 'small percentage was incorporated into the lipid and 
a larger amount into the protein of feces (Table 5» Fig. 5 and 6). 
This phenomenon indicates that sucrose is used by the microorganisms 
for the formation of microbial proteins and for the formation of lipids 
as well. It is interesting to note that this amount increased as the 
time passed from the beginning of the experiment. 








HOURS AFTER FEEDING 
60 20 40 60 80 40 20 







- fecal sample 








60 80 O 20 
HOURS AFTER FEEDING 
Radioactivity of feces and feces components per gram of feces 
37,000 
24xt0 
— fecal sample 
— soluble materials 













20 60 60 O 20 40 
HOURS AFTER FEEDING 
Fig. 6. Radioactivity of feces and feces components per gram of feces 
44 
Table 4. Percentage of in 
simple sugars 
the feces in the form of sucrose or 
Order of defecation^  










Oral 0 0 0 0 
Caecal 0 0 0 0 
General 
Oral 5.8 0 23.1 15.0 5.0 1.7 
Caecal 11.8 1.1 6,4 1.1 0 0 
Benitto 
Oral 12.1 1.5 8.0 0 0 0 
Colon. 50.5 5.8 53.6 4.9 17.8 0 
Guverto 
Oral 10.8 2.4 1.5 0 0 0 
Caecal 17.8 1.8 14.5 3.9 0 0 
T^his indicates 1st, 2nd and 3rd defecations after administration of 
C -sucrose. 
with pH paper). The pH values of feces from milk-fed (no sucrose added) 
calves were always about 7» This is an indication of fermentation by 
saccharolytic microorganisms in the lower part of the digestive tract. 
Their activity probably was continued until the feces were frozen at 
lZ|, 
Table 5« Percentage of fecal C which was incorporated in the protein and lipid fractions 
Calf per Order of defecation^  
adminis- 1 2 3 4 5 
tration Protein Lipid Protein Lipid Protein Lipid Protein Lipid Protein Lipid Protein Lipid 
Konstantis 
Oral 24.1 1.4 35.6 8.5 
Caecal 22.2 2.4 21.4 3.0 24.1 13.7 
General 
Oral 15.1 4.7 21.9 1.9 19.6 3.2 26.9 3.2 20.9 8.7 26.7 12.9 
Caecal 18.4 1,8 20.9 3.6 29.2 12.3 28.3 17.5 
Benitto 
Oral 12.1 1.1 26.5 1.2 21.1 1.2 41.6 1.6 17.4 3.0 22.2 7.8 
Coloft 7.9 0.7 11.3 0.6 6.3 0.6 20.1 1.5 37.4 18.6 37.7 18.4 
Ouverto 
Oral 6.7 0.7 10.2 1.5 27.2 2.3 34.9 12.3 
Caecal 17.7 2.6 23.8 2.3 25.6 7.7 34.7 15.2 
S^ee Table 4, 
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which time the microorganisms were inactivated, and started again when 
the feces began to thaw. The degree of fermentation would be related 
to the amount of substrate available, which might be a function of the 
rate of passage of ingesta. These reactions might be comparable in 
general to the reactions in the rumen (Packett et al«, I966), Thus, the 
14 
amount of C incorporated into the protein and lipid of the feces is 
interesting because it probably is an indication of the amount of fer­
mentation of sucrose by microorganisms. 
Table 6 shows the per cent activity in fecal protein and 
suggests that the disappearance of ingested sucrose when it is fed orally 
may be due not only to fermentation in the lower part of the digestive 
tract but also to hydrolysis and absorption in the small intestine. 
Table 6, Per cent of total activity in fecal protein (y/c) 
Calf Oral Caecal 
Konstantis 3.1 6.5 
General 3.2 4.9 
Eenitto 5.8 7.4 
Ouverto 2.5 3.1 
Mean 3.7 5.5 
Huber (I960) speculated that some hydrolysis of sucrose under the acidic 
conditions of the abomasum may occur. Morrill (1963) found that 
appreciable, but at the same time variable, amounts (12 to 61^ 5) of 
4-7 
sucrose are digested in the small, intestine^ Hydrolysis of sucrose in 
1^  
the small intestine in this study Is indicated from the collected C Og 
and the blood and urine analysis during the 1st hour of the experiment,' 
The hydrolysis of sucrose in the small intestine might occur 
through the action of enzymes of mammalian origin which exist in the 
mucosal cells of the small intestine; however, one cannot exclude iâie 
possibility of some limited microbiotic activity. In any case, the 
digestion of sucrose in the upper gastrointestinal tract is very limited, 
if one can rely upon the figures from expired and blood activity 
which indicate that the main digestion of sucrose begins after the time 
required for the ingesta to pass into the large intestine,' When the 
sucrose is injected into the caecum, or into the large intestine as in 
Benitto*s case, the digestion is very high from the 1st hour,' 
Morrill*s figures for sucrose digestion orad to the large intestine, 
ire,', 12 to 6l^, suggest either that the sucrose products cannot be 
absorbed readily through the small intestine or that part of the ingesta 
collected from the re-entrant fistula might have returned from the 
caecum or colon due to the reverse peristalsis, Dahlqvist and 
Borgstrom (1961) has shown that in humans there are certain areas of 
the small intestine where disaccharides are absorbed and subsequently 
hydrolyzed; Morrill speculates that such an area might exist in the 
calf * s small intestine where monosaccharides are efficiently absorbed 
and that this area is orad to the location where sucrose is first 
hydrolyzed," 
It should be recognized that; excluding the calf Benitto, an 
average of 83^ of the sucrose fed was digested as measured by C -
activity recovery while 77^ of the sucrose injected into the caecum was 
digested in the caecum and large intestine, organs which apparently do 
not secrete enzymes.' This level of digestion posterior to the small 
intestine is substantially higher than the 43.5^ which is reported by 
Morrill (1963)0' This difference becomes still larger if we consider that 
Morrill's figure refers to the apparent digestion of sucrose as measured 
by sucrose recovery which in the present study is 99^«' 
There was a wide variation between the calf Benitto and the other 
animals with respect to sucrose digestion, both when it was adminis­
tered orally and through the tube.' Concerning the injection of sucrose 
through the tube, it was fomd upon post-mortem investigation that the 
tube was pulled out of the caecum so that the conditions for this calf 
were not the same as for the others. This was due mainly to the dis­
tention in the large intestine, because of the volume of the solution, 
which probably caused forceful peristaltic movements of the intestine 
resulting in acceleration of passage of the solution through the lower 
part of the digestive tract.' The differences among calves in sucrose 
digestion after oral administration might suggest a difference of pro­
liferation of intestinal microorganisms;' In this study the adjustment 
period started about 10 days before the 1st trial and it was continued 
up to the date of the 2nd trial so that development of intestinal 
microorganisms could presumably occur,' Using as criteria the develop­
ment of diarrhoea and the recovery of the animal after some days, one 
assumed that all animals except Benitto had adjusted well to the 
digestion of sucrose at the level of 0,5 g per pound of body weight. 
Benitto had a mild diarrhoea all the time which might have caused 
hyperperistalsis and acceleration of passage of the material through the 
intestine, thus reducing the tirae the substrate was available to micro­
organisms, The cause of Benitto's poor adjustment reniajjis questionable. 
It might have been due to a limited development of the intestinal 
microorganisms or,to a permanent irritation of the digestive tract as 
was indicated by large quantities of mucous present in the feces. 
Tliis study has not confirmed some of the results of previous 
studies (Huber et al,, 19ol; Morrill, 1$63), i.e., that the fermentation 
of sucrose is accompanied by an increased level of reducing sugars in 
the feces. Huber reported that 68^  of the carbohydrate in feces from 
sucrose-fed calves was monosaccharides when the feces were collected 
each 12 hours. Chromatographic analysis in the present study revealed 
(Table 4) that sucrose might have been present in variable quantities in 
feces but the monosaccharides arising from sucrose hydrolysis were 
always found in extremely limited quantities, suggesting that the 
hydrolysis of sucrose was the rate-limiting step for the complete fer­
mentation of sucrose. These differences in the amount of monosaccharide 
present might be explained by differences in specificity of the intestinal 
microorganisms concerning the fermentation of sucrose in .the large 
intestine or in the feces. On the other hand, the differences might be 
a function of the numerical development of the microorganisms. 
In conclusion, the digestion coefficients for sucrose were higher 
than expected, indicating appreciable digestion of sucrose when given at 
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the level of 0.5 g peï' pound of body weight per day. Microbial fermen­
tation appeared to be the main factor responsible for the digestion of 
sucrose. 
Urinary Excretion of Digested Products of Sucrose 
Table 7 shows the percentage of the total dose of which was 
excreted iji the urine during the 3-day collection period (Fig, ?). 
Fig. 8 is a plot of C~ activity per milliliter of urine during the 
collection period. 
12^  
It is seen clear]y that more C~ was excreted in urine when the 
C^ '^ -sucrose was given orally than when it was injected in the caecum, 
The chromatographic analysis of urine revealed that the different quanti­
ties of sugars present were responsible for the above differences 
(Table 8), In thin-layer chromatograins almost all urine specijtiens 
during the first 24-hour period showed radioactive spots corresponding 
to sucrose, fructose and tero other carbohydrates ; attempts to identify 
these carbohydrates, possibly trioses, were unsuccessful. In some 
specimens traces of glucose appeared, too. Spots corresponding to 
lactose also occurred occasionally but they were not radioactive. 
These observations indicate that a small amount of sucrose is 
absorbed from the small intestine and a much smaller amount from the 
caecura, although one might interpret the absorption from the caecum as 
a response to the stress involved because of the injected solution. The 
absorbed sucrose presumably is excreted in the urine since there is no 
sucrase available which will permit its utilization by tlie body. 
Absorption of sucrose and its excretion in urine have been observed in 
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Table ?, Percentage of total doses of excreted in the urine during 
the 3-day collection period 
Method of administration 
Calf 
Oral Caecal 
Konstantis 9,1 6»3 
General 9=4 5.5 
Benitto 5.7 1.4 
Ouverto 9.1 3,1 
Mean 8,3 4.1 
several species, including humans (Dahlqvist et al., 1963), dogs 
(Bennett and Coon, I966) and sea lions (Sunshine and Kretchmer, 
1964)/ 
The fact tliat sucrose and fructose, but not glucose, appeared in the 
urine probably suggests partial hydrolysis of sucrose during absorption 
and subsequent utilization of glucose, but only partial utilization of 
fructose. Consequently, the unused fructose as well as the unhydro-
lysed disaccharide is excreted. The amount of sugar excreted in the 
urine x-ras very low when the sucrose was injected into the caecum, but 
higher when sucrose was given per os» However, -even with oral feeding, 
. 14 
about 2 to 3^  of the total C was excreted in the urine as sucrose and 
a lesser amount as fructose. The results of this study suggest that 
part of the breakdown of sucrose orad to the large intestine is due to 
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14 Table 8. Amount and percentage of urinary C which was present in 
various sugars 
Calf per Sucrose Fructose "Tfioses II 
administration /io /ic 1o /a 
Konstantis 
Oral 2.5 27.8 0.8 8.3 0.6 6.3 
Caecal 0.9 14.6 0.3 5.3 0.2 3.8 
General 
Oral 2.8 30.4 0.7 7.0 1.5 16.0 






 19.6 0.6 10.2 0.3 5.8 
Colon 0.1 10.1 0.1 4.3 0.1 4.3 
Ouverte 
Oral 2.3 24.0 0.6 4.7 0.6 6.5 
Caecal 0.2 3.3 0.1 1.7 0.1 2.2 
Mean 
Oral 2.2 25.4 0.8 7.6 0.8 8.6 
Caecal 0.4 9.0 0.2 3.3 0.2 4.0 
The spots which correspond to the unidentified "trioses" were 
obvious only when sucrose had been given orally; they apparently are 
products resulting from the digestion and metabolism of sucrose. 
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Oxidation of Sucrose Digestion Products to CO^  
A summary of total as well as digested amount of sucrose oxidized 
to CO^  during the period of the first 45 hours is given in Table 9* 
Table 9» Percentage of sucrose oxidized to CO^  
Oral Caecal 
Calf 
 ^of total 
sucrose 
io of digested 
sucrose 
 ^of total 
sucrose 
 ^of digested 
sucrose 
Konstantis 37.4 42.9 53.1 75.2 
General 46,0 54,3 47.1 62.3 
Benitto 47.5 74.2 15.6 61.9 
Ouvert0 "55.0 70.4 55.8 65.9 
Mean 46.5 6o.4 42.9 66.3 
These results revealed that the expiration of C Og varies among 
animals, and probably is a function of microbiological population and 
the ability of the animal to oxidize digested products of sucrose. 
Thus, the first two animals appeared to oxidize more digested sucrose 
to COg when it was given into the caecum but the data from the other 
two calves suggest that the opposite might be true. 
The percentage of expired CO^  derived from sucrose was calculated 
from the following formula; 
Percentage contribution of sucrose to expired 00^ = 
Total activity of expired C0„ x No. of C atoms in sucrose 
i X 100 
Moles of COg expired x Total activity of sucrose fed 
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The use of this formula assumes that there is no preferential 
metabolism to CO^ of different carbon atoms in the sucrose fed. This 
assumption, however, may not be entirely correct;' Elieber et al. (1952) 
found that with lactating cows more from 1-C^^ acetate was expired 
14 
after 3 hours than from 2-C acid; but the expiration rates for and 
tended to become equal with time,' 
Hourly observations of expired CO^ derived from sucrose fed are 
presented in Table 10/ The results revealed that the expiration of C^ 0^2 
during the experiments usually followed a characteristic pattern^' In 
generali the contribution of sucrose injected into the caecum to expired 
COg was high from the 1st hour, increased steadily through the 3rd or 
4th hour, was relatively constant from then through the 8th to 10th 
hour, and decreased gradually thereafter.' The contribution to expired 
COg of sucrose fed orally increased slowly through the 7th to 10th hour, 
and decreased gradually thereafter,' During the period from the 1st hour 
through the 8th, injected sucrose usually accounted for 2 to 4# of 
the total expired COg, thus suggesting that it is possible for young 
milk-fed calves to utilize a certain amount of sucrose;' However, this 
is true only if the expired results from metabolism within the 
body and is not C^^Og originating from microbial fermentation in the 
lumen of the intestinal tract,' 
These values, presented graphically in Fig." 9 and 10, show that 
sucrose injected into the caecum made a higher initial contribution to 
expired CO^ whereas the fed sucrose made a greater contribution after 8 
hours. These observations may reflect the place in which sucrose ig 





1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Konstantis 
Oral 0.3 0.4 0.5 0.6 1.3 1.1 1.4 1.6 1.5 1.6 1.5 1.0 1,1 
Caecal 1.6 2.3 2.5 2.7 2.9 2.8 2.7 2.5 2.8 2.6 2.3 2.1 1.7 
General 
Oral 0.8 0.8 1.3 2.0 2.2 3.3 3.1 3.1 2.9 1.6 1.8 
Caecal 2.8 3.4 4.0 3.6 4.1 3.1 2.8 2.5 2.1 1.4 1.0 0.7 0.8 
Benitto 
Oral 0.8 1.0 1.6 1.1 , 2.0 2.6 2.8 3.1 2.9 2.8 2.5 
Colon 2.8 3.2 2.3 1.8 1.3 1.0 0,6 0.5 0.4 0.5 0.2 
Ouverto 
Oral 0.5 loi 1.7 1.8 1.7 1.5 1,6 1.3 1.8 1.8 1.6 1.1 




























F^rom here on Benitto*s results are excluded from the mean. 
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digested more rapidly, i.e. the large intestine. Furthermore, it appears 
that some sucrose is digested in the small intestine, but that the 
amount is rather insignificant, 
jli 
The data on expired C O2 are presented also as estimâtes of the 
percentage of the maintenance energy requirements that might be satis­
fied from sucrose (Table 11, Fig. 11), These values were computed from 
the formula listed below, and are based on the combustible energy of 
sucrose which had been oxidized to COg, and the maintenance energy require­
ments calculated as described in Experimental R'ocedui^ e. 
Per cent of energy requirement for maintenance satisfied from sucrose = 
Total activity of expired COp Kcal of sucrose fed 
: X X 100 
Total activity of sucrose fed Kcal required for maint. 
Since the values for sucrose administered orally tended to reach a 
plateau and were maximal during the 7th through the 11th hours, with the 
exception of calf Ouverto, who showed a maximum point at l4 hours, this 
period was taken as a measure of the maximum rate of oxidation of 
sucrose fed in quantities of 0,5 g per pound of body weight given in two 
meals per day (Table 12). However, this is true under the assumption 
that none of the expired C^ O^g resulted from 0^ %^  absorbed from the gut, 
which might not be entirely correct. 
These data suggest that the rate of digestion of sucrose might vary 
in different calves; however, it is possible for sucrose to satisfy readily 
about 5^  of the maintenance requirements of young milk-fed calves. This 
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Table 11, Per cent of maintenance energy requirement, at hourly intervals, which might be obtained 




1 2 3 4 5 6 7 8 •9 10 11 12 13 14 15 
Konstantis 
Oral 0.5 0.8 1.2 1.5 2.8 2.5 3.0 4.3 4.4 4.2 4.0 3.8 3.2 2.6 2.6 
Caecal 3.5 5.8 6.4 6.2 6.3 5.9 5.4 5.7 5.9 4.9 5.0 4.8 4.6 4.5 3.3 
General 
Oral 2.3 2.2 3.2 4o6 4.8 6.2 7.5 7.6 6.5 6.2 2.6 2.6 
Caecal 5.9 8.0 8.5 8.6 8.4 8.4 8.4 6.6 5.6 3.6 2.9 2.5 2.1 1.6 1.5 
Benitto 
Oral 1.8 2.7 4.5 2.8 4.7 6.4 5.8 7.0 6.0 5.5 4.3 
Colon 5.0 5.2 4.5 2.3 2.2 2.0 1.5 1.0 0.9 0.9 0.7 0.4 
Ouverte 
Oral 1.1 2.6 4o'0 4.5 4.4 4.0 3.2 3.8 2.9 3.6 4.0 5.0 3.2 
Caecal 4.5 5.9 5.0 4.9 4.8 4.7 6.3 5.7 5.1 5.7 6.6 7.6 5.4 4.4 
Mean 
Oral 1.4 2.1 3.2 3.4 4.2 4.2 4.6 5.5 
ON 
5.3 4.7 4.7 3.8 3.4 2.8 
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Table 12. Summary of the average oxidation, during the period of 
maximum oxidation, of orally-fed sucrose 
Calf 
Age 
CO2 derived from 
sucrose fed 
Max. proportion of 
maint, energy requir. 
days 
Konstantis 23 2.7 4.1 
General 45 3.1 7.0 
Benitto 43 2.7 6.2 
Ouverto 30 1.7 3.8 
Mean 2.5 5.3 
relatively little of the sucrose is oxidized in the lumen of the 
intestine. 
lii 
Table 13 summarizes for oral feeding the percentages of C 
l4 
expired as C 0^  and excreted in urine and feces during the 3-day 
collection period as well as the amount not recovered. The percentage 
of the total dose that was oxidized (expired as CO^ ) in 45 hours ranged 
from 38 to 55^ » that excreted in urine from 5«7 to 9o4^ , in feces from 
. 14 13 to 36^ , and the total percentage of C not recovered ranged from 
11 to 4l^ . The upper extremes in both not recovered and percentage 
expired were seen in younger calves. Some of the variations in the 
percentage of fed that was expired as probably were related 
to variations in digestibility and to the limited length of collecting 
time, since even after a fortnight a small amount of was present 
in the expired air. 
Table 13. Surainary of percentages of orally-fed C expired in CO and 
excreted in urine during the collection period  ^
Percentage of 
Calf Age, Expired Excreted Excreted Not 
days as COg in the urine in feces recovered 
Konstantis 23 37.4 9.1 12.8 40.7 
General k5 46.0 9.4 15.3 29.3 
Benitto 43 47.5 5.7 35.9 . 10.9 
Ouverto 30 55.0 , 9.1 21.8 14,1 
Mean . 46.5 8.3 21.2 24.0 
Possible Metabolic Pathways of Digested Sucrose 
As is seen clearly in the Appendix Tables 'K) ~ -1-3, the radioactivity 
in the blood was relatively low; thus, the results and the further dis­
cussion should be considered as an attempt to indicate certain possible 
pathways, rather than as quantitative estimates of the various responses • 
measured. 
Tlie chromatographic analysis of blood filtrates usually revealed 
detectable quantities of sucrose, glucose, lactose and acetate and traces 
of fructose as well. The amount of lactose was highly correlated with 
the time of feeding and the lactose usually contained no radioactivity. 
Sucrose was present in very low quantities, especially during the first 
hours after its administration when the bulk of the sugar activity was 
14 detected. Glucose was a major blood sugar but with very low C 
activity. Small increases in glucose activity were observed with time. 
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No VFA other than acetate were detected in blood, which might be con­
sidered indirect evidence that the increased levels of in acetate 
in blood have revealed the identity of the primary constituent of micro­
bial action in the caecum and large intestine;' This is in good agreement 
with Yang and Thomas (1963) who found that acetic acid constituted 75^  
of the total products of fermentation (VFA);'- On the. other hand, it is 
known that and VFA are removed and metabolized by the liver. 
Further chemical analysis of whole blood revealed that a substantial 
14 
amount of C had been incorporated into blood proteins and a lesser 
amount into the lipids,' The injection of sucrose into the caecum 
resulted, from the 1st hour, in detectable levels of C -acetate in the 
blood; at the same time the activity of blood was relatively high; 
'When sucrose was fed orally, these changes occurred after about 4 hours 
delay. Furthermore, it should be emphasiised that a very low level of 
activity in the blood was detected 15 days after the end of the trial;' 
This might indicate that a substantial amount of the not recovered fraction 
of radioactivity had been incorporated into the body proteins and lipids i° 
It is likely that most of the products of sucrose digestion were 
metabolized via acetyl-CoA and the tricarboxylic acid cycle (TCA), 
since a large percentage of digested was expired as and a 
substantial amount was incorporated into proteins. 
Krebs (195^) has proposed that the TCA cycle has two different 
functions which include supplying intermediates for biosynthesis and 
serving as a terminal pathway for oxidation of metabolites; There is 
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considerable evidence (Black and iCLeiber, 1957) that the TCA cycle 
functions as the terminal pathway for oxidation of metabolites in 
bovine tissues. The transfer of carbon from acetate-, to CO^  by this 
mechanism in the cow was demonstrated by studies of Kleiber et al» 
(1952). With 1-C^  ^acetate the respired COg reached a maximum specific 
activity of 31 units at about 9 min after isotope injection. With 
Z-C acetate» on the other hand, a maximum specific activity of 15.^  
units was reached in the respired CO^  at about 19 min after isotope 
injection. According to the TCA cycle pathway, 100^  of the carboxyl 
carbon from acetate would be,eliminated as CO^  after one and one-half 
"turns" of the cycle, whereas only 50/^  of the methyl carbon would be 
eliminated as CO^  after three and one-half "turns". Thus, if acetate 
were oxidized via the TCA cycle, one would expect the above result's, 
that is, a higher specific activity at an earlier time after l-C^ '"^  
acetate than after 2-C^  ^acetate. 
Concerning the amino acid formation. Black and ICLeiber*s studies 
(1957) revealed that glutamic acid formed from 1-C^  ^acetate had 32.2^  
of its C^ '^ . located in the C-1 carboxyl carbon , while aspartic acid had 
96,853 of its in the two carboxyl carbon atoms C-(1+4), The glutamic 
acid formed from 1-C^ ^^  acetate via the TCA cycle would have 33«3^  of 
its C^ '^  in the C-1 carboxyl carbon and aspartic acid would have 100^  of 
l4 i/j, 
its C in the two carbo%yl carbons. The distribution of C in the 
carboxyl carbons of glutamic and aspartic acids indicated that 
approximate isotope equilibrium had been reached in the TCA cycle at 
the tine the amino acids were synthesized. Thus, it would appear. 
6? 
especially in the case of 2-C^ '^ acetate, that many "turns" of the TCA 
cycle occur per amino acid molecule synthesized. Under these condi­
tions a large amount of CO^  would arise from acetate carbon while 
isotope equilibrium was becoming established. It seems reasonable, 
therefore, to conclude that CO^  and biosynthetic intermediates arise 
from the TCA cycle»' The complete TCA cycle is used for oxidation, but 
only a portion of the enzymes of the TCA cycle are utilized where 
biosynthesis is involved. 
The biosynthesis of fatty acids, on the other hand, involves the 
formation of malonyl CoA (Wakil, I961) by fixation of CO^  to acetyl-CoA 
with the involvement of acyl carrier protein (Vagelos et al., I966) 
followed by multiple condensation, elimination of CO^  and subsequent 
reduction. This pathway of biosynthesis is quite different from the 
TCA pathway and might be used to a lesser extent for synthesis of 
biosynthetic intermediates, at least in young calves under the condi­
tions of this experiment. 
General Comments 
Tiie most obvious conclusion to be drawn from this study is that 
young milk-fed calves are able to digest sucrose either directly or by 
microbial action, when it is give::, in limited amounts, after a short 
adaptation period. It is indicated from this study that the calves can 
almost completely degrade sucrose added to the milk at the rate of 5 g 
for each pound of milk or an equivalent amount injected into the caecum. 
In another study, Morrill (19^ 3) found that sucrose at the rate of 10 g 
per pound of milk resulted in limited and variable digestibility among 
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the animals.' Thus, the range of satisfactory "utilization" of sucrose 
might be between these two levels,' Anyway, further research is needed 
to determine the extent to which sucrose is utilized as well as whether 
prolonged administration of sucrose has any influence upon the health 
and growth of the young calf; 
This study also appears to agree with other reports that the 
breakdown of sucrose begins in the small intestine and is continued in 
the large intestine^ It would be interesting to know the magnitude of 
sucrose digestion in the small intestine and tte contribution of micro­
organisms to this." Studies with "germ-free" animals might lead to 
useful conclusions." One pathway for disappearance of sucrose in the 
gastrointestinal tract was the absorption of the unhydrolyzed molecule,' 
The amount was rather insignificant, being about 2 - 3^ as concluded 
from the amounts found in urine, assuming that sucrose as such cannot 
be utilized in the body; 
The efficient degradation of sucrose seems to be correlated with 
the action of microorganisms, and the final production of acetate is 
suggested from the existence of radioactive acetate in the blood," Fur­
ther studies are needed to determine more definitively and more directly 
the extent to which acetate and other volatile fatty acids are produced 
from sucrose in the large intestine. Thus, the total amount and 
relative proportions of the acids produced and the conditions of the 
animal which may affect these variables might be clarified;' 
There might be several other factors, such as the total volume of 
the ingesta and the rate of its passage, that may affect the utilization 
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of sucrose.' No effort was made to study these factors, except that 
one accidental injection of sucrose solution into the colon revealed 
limited digestion, because of increased rate of passage. 
The present work suggests that young milk-fed calvesi producing 
volatile fatty acids bacterial fermentation in the large intestine, 
have the ability to metabolize these acids so that they can satisfy a 
portion of their energy requirementso* Martin et alo' (1959) found that 
such acids are utilized by ruminants as young as 3 weeks of age, 
]h general, the results of this study have suggested that the 
products of sucrose digestion in the milk-fed calf are utilized by 
well established pathways.' In addition, however, there are suggestions 
of some other pathways as is indicated from the presence of unknown 
trioses in urine.' 
Further studies using greater amounts of labeled C^^-sucrose might 
permit the isolation of more metabolic intermediates in the blood and 
of other compounds excreted in the urine, so that definite roles can be 
assigned to the different metabolic pathways in calves. 
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SUMMARY 
Four male calves at approximately 26 and 4l days of age were used 
to study the "utilization" of sucrose^ The calves were maintained on 
milk supplemented with vitamins and an antibiotic,' The animals were 
given cold sucrose during a 10-day adjustment period before each trial." 
At the beginning of each trial the calves were either fed milk plus 
l2j, 
sucrose (containing 100 ^ c of uniformly labeled C -sucrose) at the 
rate of 0"i'5 g per pound of body weight, or solutions of the same 
amount of sucrose plus C^^-sucrose injected into the caecum through a 
plastic caecal tube.' The apparent digestion of sucrose was measured by 
l4 
collecting the feces for 3 days and determining the amount of C 
present. The oxidation of products of sucrose digestion was measured by 
collecting the expired COg and determining the amount of C^ O^^  at 
certain intervals over a ^5 hour periodT The possible pathways involved 
in metabolism of these products were investigated by isolating metabolic 
intermediates from blood samples taken periodically during the first 27 
hours, 
iZj, 
The recovery of C in the feces indicated that the average 
apparent, digestion of sucrose in the entire digestive tract was 87» 85, 
64, and 78^ for each of the four calves, whereas digestion in the large 
intestine was 70, 76, 25, and 85^, listed in the same order; in the 3rd 
trial the sucrose was accidentally injected into the colon instead of 
the caecum as in the other trials. These results definitely established 
that most of the sucrose was digested in the large intestine, apparently 
with the aid of microorganisms. Some of the sucrose, however. 
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apparently was digested in the small intestine, as indicated from the 
0^2 in the expired air and in the blood during the 1st hour after 
sucrose was fed orally.' A small quantity of sucrose was absorbed as 
such from the small intestine and a smaller amount from the caecum as 
indicated from the sucrose present in blood and urine,' 
Averages of both the per cent of total expired COg derived from 
digested sucrose and the per cent of maintenance energy which theo­
retically could be obtained from the oxidized portion of the digested 
amount of sucrose suggested that sucrose might have contributed about 
5 to 6^  of the total energy needs of the calves. On the other hand this 
value might be much lower if a substantial portion of the was 
produced in the lumen of the intestine and thus did not represent 
oxidation useful to the animal. 
Ik 
It seems that some of the C entered the blood in the form of 
acetate. A small amount of the was incorporated into blood lipids 
and larger amounts into blood proteins. This is an indication that the 
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APPENDIX 
Table l'f-. General Information about the experimental animals 
Calf 
iZi, 
C -sucrose fed •sucrose injected 
a 
name Date of Eirth xrfc. Age Weight Millc/meal Age Weight Milk/meal 
birth (lb) (days) (lb) (lb) (days) (lb) (lb) 
Konstantis 2-22-66 99 23 110 5.3 37 123 5.6 
General 3-19-66 105 45 135 6.6 27 114 5.7 
Benitto 4-21-66 98 42 122 5.7 26 109 5.3 
Ouverte 4-29-66 81 30 791 5*3 41 108 5.3 
^All animals were maïe Holsteins. Their herd numbers were 6059-5» 6080-2, 6o42-6 and 6IO6-I, 
respectively. 

























































a 14 100 yWc of C -sucrose were administered at the beginning of the collection period. Feces and 
urine were collected for 3 days. Expired CO^ was collected for about 45 hours or as indicated in 
Table 27 and 29. 
Table l6«i Amount of feces; radioactivity of feces and feces components 
Konstantis f oral administration 
Collection timea (hours) 
14 40 50 Total 
Amount of feces (g) 500 125 80 705 
Appearance of feces^  23 IS N 
Total activity (/(a) 12,5 0,3 0 12,8 
Activity® (dpm/g): • 
a) total fecal materials 33,750 2,700 
b) protein fraction 8,135 960 
c) lipid fraction 615 230 
d) soluble materials 13,735 1,003 
e) sucrose 0 0 
f) simple sugars 0 0 
®100 /fc C -sucrose was administered at the beginning of the trial. The collection period was 
limited to 50 hours because no activity was recorded after that time;' The time of collection 
expresses the time of defecation of the animal;'' 
T^he rating of feces was N (normal), IS, 28, 3S and 4S (very watery), 
A^ctivity of protein and lipid fractions, soluble materials, sucrose and simple sugars was 
determined per g of feces. The activity of the water, with which extracted lipids and protein 
column were washed to remove impurities, is not included. 
Table 1?. Ainoiuit of feces; radioactivity of feces and feces components 
Konstantis, caecal administration 
Collection tiiae (hours) 
27 31 : 74^  Total 
Amount of feces (g) 103 87 no 300 
Appearance of feces 3S IS N 
Total activity (^ c) 13.4 13.9 2.1 29.4 
Activity (dpm/g): 
a) total fecal materials 196,040 239,050 30,030 
b) protein fraction 43,483 51,218 7,232 
c) lipid fraction 4,738 7,144 4,125 
d) soluble materials 116,584 122,512 12,287 
e) sucrose 0 0 0 
f) simple sugars 0 0 0 
T^his saraple was taken by mechanical stimulation at the end of the 3-day collection period. 
Table 13, Araount of feces; radioactivity of feces and feces components 
General, oral administration 
Collec tion time (hours) 
Total 5 9 24 29 53 70 
Anioiuit of feces (g) 90 ' 31 75 35 60 30 338 
Appearance of feces N N N N N 
Total activity (^ c) 0.3 1.6 8.8 2.0 2.3 0.3 15.3 
Activity (dpm/g): 
a) total fecal materials 4,020 87,504 165,000 68,100 47,500 10,625 
b) protein fraction 728 18,785 32,387 18,314 9,932 2,836 
c) lipid fraction 187 1,654 5,236 2,187 4,118 1,372 
d) soluble materials 1,835 38,3;i'2 &p,312 31,612 18,630 5,137 
e) sucrose 235 19,748 8,305 0 0 0 
f) simple sugars 0 1,306 2,828 0 0 0 
Table 19o Anoirit of feces; radioactivity of feces and feces components 
Airioimt of feces (g) 
Appearance of feces 
Total activity (yic) 
Activity (dpm/g); 
a) total fecal materials 
b) protein fraction 
c) lipid fraction 
d) soluble materials 
e) sucrose 
f) simple sugars 
General, caecal administration 
Collection time (hours) 
5 22 a Z2 Total 
90 . 98 173 123 484 
N N N N 
7.8 13.8 2.5 , 0,3 24.4 
117,360 189,324 19,776 3,648 
18,132 39,724 5,783 1,036 
2,118 6,742 2,438 638 
48,531 98,587 6,832 1,452 
13,812 12,134 0 0 
1,285 2,038 0 0 
Table 20, Aiiiotuit of feces; radioactivity of feces and feces components 
Bcnitto, oral administration 
Collection time ( 
9 19 26 32 59 72 Total 
Araotint of feces (g) 167 67 27 61 90 86 498 
Appearance of feces 3S 2S IS IS N 
Total activity (jic) 25.0 8.1 1.2 0.9 0.6 0.1 35.9 
Activity (dpn/g) :  
a) total fecal inaterials 201,900 162,545 61,800 19,400 9,264 2,874 
b) protein fraction 24,350 43,112 13,010 8,063 1,612 638 
c) lipid fraction 2,090 2,065 716 310 280 225 
d) soluble materials 124,189 83,220 27,010 10,270 3,630 1,270 
e) sucrose 35,319 13,145 0 0 0 0 
f) simple sugars 3,121 0 0 0 0 0 
Table 21. /uuotuit of feccs; radioactivity of feces and feces components 
Benitto, colon administration 
Collection time (hoiors) 
2 3 h 18 23 59 Total 
Amount of feces (g) 91 132 S3 96 68 124 59^ P 
Appearance of feces ':s 43 3S IS IS K 
Total activity (y/c) 21,0 37.4 13.2 2.9 0.2 0.1 74.8 
Activity (dpm/g): 
a) total fecal siatei-ials 312,041 383,110 213,947 41,280 2,985 817 
b) protein fraction 24,770 ;#,220 13,510 8,527 1,116 308 
c) lipid fraction 2,015 2,130 1,360 620 554 150 
d) soluble materials 262,670 316,310 140,850 22,800 1,130 340 
e) sucrose 219,998 281,601 80,142 0 0 0 
f) simple sugars 18,387 18,-979 0 0 0 0 
Table 22, Amount of feces; radioactivity of feces and feces components 
Ouverto, oral administration 
Collection time (hours) 
14 Z(i|. 46 73 Total 
AmoTjnt of feces (g) 101 48 39 54 242 
Appearance of feces N N M N 
Total activity (^ c) 13.0 5.5 1.9 1.4 21,8 
Activity (dpni/g) ; 
a) total fecal materials 174,370 153,860 65,802 35,760 
b) protein fraction 11,750 15,650 17,950 12,475 
c) lipid fraction 1,239 2,285 1,526 4,413 
d) soluble materials 71,235 60,085 19,410 13,450 
e) sucrose 18,748 2,317 0 0 
f) sir/iple sugars 4,232 0 0 0 
Table 23. Amount of feces; radioactivity of feces and feces components 
Ouverto, caecal administration 
Collection time (hours) 
21 26 61 73 Total 
Amount of feces (g) 37 28 48 36 199 
Appearance of feces w N N N 




 2.0 1.9 0.5 15.4 
Activity (dpm/g): 
a) total fecal materials 171,400 101,595 52,740 15,510 
b) protein fraction 30,350 24,220 13,500 5,380 
c) lipid fraction 4,410 2,340 4,060 2,350 
d) soluble materials 64,380 50,160 28,120 5,120 
e) sucrose 25,313 14,748 0 0 
f) siïaple sugars 3,142 3,915 0 . 0 
Table 24, Hourly specific and total radioactivity values of CO^  expired 
lîonstantis, oral administration 
Tiine after CO^  expired Specific activity Total activity 
G "^-administration(hr) (ml"!) Cdpra/irJ-l) Cûo) 
1 919 333 0.2 
2 1,386 414 0.4 
3 1,528 541 0.6 
4 1,436 722 0.8 
5 1,31s 1,436 1.4 
d 1,368 1,244 1.3 
7 1,271 1,574 1.5 
8 1,633 1,768 2.1 
9 1,768 1,681 2.2 
2.1a 
11 1,528 1,773 2.0 
12 1,491 1,734 1.9 
1,6 
14 1,502 1,167 1.3 
15 1,#1 1,228 1.3 
_ b 
2.4 
IB - 1,1 
19 — — 1.0 
7.1 
30 — — 0.4 
4.3 
43 1,436 283 
E^stimates of activity duriiig period when CO^  xvras not collected. 
'^Values not available. 
Table 25» Hourly spocifio and total radioactivity values of CO^  expired 
Konstantis, caecal administration 
Tiiîie after 
G -administrationChr) 




1 1,330 .1,778 1.8 
2 1,522 2,578 2.9 
3 1,557 2,778 3.3 
4 1,394 3,018 3.1 
5 . 1,284 3,284 3.1 
2.9 
7 1,165 3,165 2.7 
8 1,245 3,094 2.9 
9 1,420 2,802 2.9 
10 1,036 3,196 2.5 
11 1,175 2,886 2.5 
2.4 
13 1,204 2,581 2.3 
14 1,265 2,387 2.2 
15 1,188 1,873 1.6 
16 1,469 1,664 1.8 -
17 1,478 1,326 1.5 
1.3 
19 1,683 926 1.2 
5.6 . 
28 1,531 222 0.3 
29 1,496 153 0.2 
30 1,489 152 0.2 , 
1.8 
43 1,508 128 0.1 
Total 93.1 
Table 26, Hourly specific and total radioactivity values of CO^  expired 
General, oral administration 
Time after 







1 1,732 903 1.2 
2 1,581 930 1.1 
3 1M9 1,475 1.6 
4 1,366 2,250 2.3 
5 1,304 2,596 2.4 
3.1 
7 1,377 3,700 3.8 
8 1,449 3,524 3.8 
9 1,249 3,527 3.2 
10 1,295 3,214 3.1 
6.6 
14 969 1,794 1.3 
15 875 1,981 1.3 
16 1,038 1,574 1.2 
17 1,033 1,305 1.0 
18 1,007 1,286 1.0 
2.9 
23 1,373 6^ 0.5 
24 1,029 530 0.4 
1.2 
28 1,379 411 0.4 
0.6 
31 1,615 162 0.2 
1.7 
42 1,386 130 0.1 
Total 46.0 
Table 27. Hourly specific and total radioactivity values of CO^ expired 
General, caecal administration 
Time after 







1 1,276 3,096 2.9 
2 1,414 3,821 4.0 
3 1,278 4,497 4.3 
4 1,423 4,068 4.3 
5 1,228 4,600 4.2 
4.2 
7 1,626 3,491 4.2 
8 1,446 3,049 3.3 
9 1,363 2,789 2.8 
10 1,013 2,378 1.8 
11 1,243 1,555 1.4 
1.3 
13 1,253 1,148 1.1 
14 1,452 748 0.8 
15 1,184 863 0.8 
16 1,204 676 0.6 
17 1,208 577 0.5 
1.6 
22 1,022 536 0.4 
2.0 
29 1,411 247 0.3 
30 1,399 178 0.2 
Total 47.1 
Table 28» Hoiorly specific and total radioactivity values of CO^  expired 
, Time after 









1 1,291 930 0.9 
2 1,634 1,133 1.4 
3 1,671 1,831 2.0 
k 1,501 1,270 1.4 
5 1,421 2,235 2.4 
5.6 
8 1,491 2,894 3.2 
9 1,22] 3,20], 2.9 
10 1,354 3,465 3.5 
11 1,269 3,217 3.0 
12 1,188 3,143 2.8 
13 1,091 2,833 2.3 
8.9 
20 1,228 758 0.7 
2.2 
25 1,225 436 0.4 
1.3 
30 1,155 318 0.3 
0.9 
35 1,216 168 0.2 
1.1 
46 1,086 80 0.1 
Total 47.5 
Table 29» Hourly specific and total radioactivity values of CO^  expired 









1 1,065 3,193 2.5 
2 983 3,460 2.6 
3 1,181 2,574 2.2 
4 1,104 2,017 1.7 
5 1,060 1,515 1,2 
6 1,199 1,122 1.0 
0.8 
8 1,117 636 0.5 
9 1,161 . .534 0.5 
10 1,307 418 0.4 
11 902 540 0,4 
12 1,051 .243 0.2 
0.9 
19 924 178 0.1 
0.5 
25 — 0.1 
Total 15.6 
Table 30. Hourly specific and total radioactivity Values of CO^ expired 
Ouverto, oral administration 
Î after 
Lstration(hr) 




1 1,298 563 0.5 
2 1,393 1,244 1.3 
3 1,349 1,955 2.2 
4- 1,465 2,079 2.4 
5 l,6o4 1,855 2.2 
1.9 
7 1,331 1,648 1.6 
8 1,432 1,778 1.9 
9 1,406 1,412 1.5 
10 1,195 2,056 1.8 
11 1,331 2,065 2.0 
5.0 
14 2,134 1,850 2.9 
15 1,720 1,268 1.6 
10.0 
23 1,494 1,379 1.5 
5.7 
29 1,320 757 0.7 
8.0 
5^ 1,982 , 242 
Total 
Table 31. Horirly specific and total radioactivity values of CO^ •expired 
Ouverto, caecal administration 
, Tirae after CO expired Specific activity Total activity 
C -administra tionChr) tol) Cdpm/aiM) (Mc) 
1 1,379 2,204 2.3 
2 1,340 2,954 2.9 
1,254 2,723 2.5 
2.5 
5 1,098 2,944 2.4 
6 1,08? 2,926 2.4 
7 1,432 2,962 3.1 
2.8 
9 1,415 2,443 2.6 
10 1,795 2,132 2.8 
3.3 
12 1,443 3,533 3.8 
13 1,203 3,061 2.8 
14 1,305 2,280 2.2 
9.5 
22 1,329 538 0.5 
1.6 
27 1,335 - 250 0.2 
2.0 
38 1,267 157 0.1 
3.1 
51 1,093 • 458 0.4 
Total 95.8 
Table 32. Voliorae of m-ine excreted; radioactivity in urine and tirine components 
Konstantis, oral administration 
, Time after Volwie of • Activity per Total activity Specific activity (dpm/ral) 
C '-adaiinistrationChr) urine (ail) ml of urine /^/c) Sucrose Fructose Trioses 
1 385 1,059 0.3 184 52 56 
2 290 2,316 0.5 532 87 87 
3 295 5,076 . 1.1 i,o4a 48 187 
4 320 2,040 0.5 4^ 1-4 52 113 
6 450 4,078 1.4 837 35 203 
8 350 6,180 1.6 1,546 87 183 
10 230 2,925 0.5 348 45 75 
12 320 2,012 0.6 345 36 58 
14 910 880 0.6 135 26 72 
16 775 753 0.4 143 38 85 
26 1.350 524 0.5 
28 870 320 0.2 
30 400 332 0.1 
38 1,100 350 0.3 
42 700 283 0.1 
48 760 211 0.1 
54 850 193 0.1 
62 1,600 102 0.1 
74 1,225 113 0.1 
Total 13.280 9.1 
Table 33o Volume of urine excreted; radioactivity in urine and urine components 
Konstantis, caecal administration 












1 200 225 0.03 
3 230 2,609 0.4 345 62 73 
4 175 2,850 0.4 432 48 85 
8 200 4,800 0.7 636 35 98 
14 505 3,643 1.4 375 28 56 
15 350 1,061 0.3 97 35 32 
16 750 725 0.4 86 23 27 
17 450 1,005 0.3 78 25 32 
27 550 2,480 1.0 145 46 57 
29 775 756 0.4 65 14 • 42 
42 1,250 426 0.4 
46 750 160 0.17 
55 1,625 172 0.2 
74 2,750 98 
Total 10.560 
Table 34* Voltune of urine excreted; radioactivity in urine and urine components 
General, oral administration 
Time after Volunie of Activity per Total activity Specific activity (dpm/ml) 
C -administrationChr) urine (ml) ml of urine (Mc) Sucrose Fructose Trioses 
2 2^ 35 1,159 0.4 218 22 123 
10 470 3,438 . 1.2 634 48 336 
16 620 7,015 3.3 2,027 68 545 
21 1,015 2,819 2.1 434 82 378 
24 275 2,421 0.5 385 47 282 
28 925 735 0.5 85 22 187 
29 345 212 0.1 0 0 52 
32 775 397 0.2 
4l 1,350 444 0.4 
46 535 192 0.1 
53 1,430 323 0.3 
66 1,980 166 0.2 
72 550 175 0.1 
Total 10,705 9.4 
Table 35o Voluriie of iirine excreted; radioactivity in larine and urine components 
Tinie after 
C -administration(hr) 
General, caecal administration 
Vol-ume of Activity per Total activity 





3 275 1,835 0.4 57 14 38 
5 275 1,980 0.4 86 24 39 
7 700 1,545 0.8 57 14 1 38 
9 340 1,155 0.3 46 22 ! 56 
11 545 1,745 0.7 .115 0 \ 83 
16 300 2,375 0.5 83 0 5% 
21 1,180 920 0.8 76 23 48 
25 1,495 620 0.7 57 0 51 
28 895 250 0.2 
' \ 
41 770 570 0.3 1 
51 980 260 0.2 
72 2.790 117 0.2 
Total 10.945 5.5 
Table 36. Volwie of xirine excreted; radioactivity in urine and urine components 
Benitto, oral administration 
22;. Time after Volume of Activity per Total activity Specific activity Cdpm/inl) 
C -administration(hr) urine (rtil) iiil of urine (jljc) Sucrose Fructose Trioses 
1 610 910 0.4 96 47 59 
2 875 1,232 0.8 199 37 38 
3 380 1,666 0.5 245 54 87 
k 350 1,751 0.4 188 68 115 
5 280 2,759 0.6 320 27 84 
9 230 621 0.1 85 36 77 
10 180 1,314 0.2 343 52 113 
12 230 2,198 0.4 452 26 114 
19 350 3,570 0.9 632 35 96 
24 555 434 0.2 
29 #0 688 0.2 
34 980 46o 0.3 
35 540 98 0.04 
45 500 424 0.16 
52 1,385 126 0.1 
60 1,160 184 0.2 1 
72 2,775 96 0.2 
Total 11.380 5.7 
Table 37» Volurae of urine excreted; radioactivity in urine and urine components 
Benitto, colon administration 
 ^Time after Volume of Activity per Total activity Specific activity (dprn/ml) 
C~ -administration(hr) urine (riiL) i£L of urine (Mc) Sucrose Fructose Trioses 
1 i;.j.o 1,375. 0.16 174 22 0 
2 205 1,187 0.20 123 38 62 
3 124 :975 0.10 132 27 123 
4- 82 1,625 0.11 237 35 76 
5 142 1^ 287 0.15 198 17 82 
7 570 450 0.21 
8 430 125 0.04 
9 150 450 0.06 
18 520 587 0.13 
24 355 155 O0O5 
33 775 45 0.03 
41 435 171 0.06 
57 1,735 45 0.07 
74 1,8?0 20 0.03 
Total 7.513 1.40 
Table 38. Volwiie of iirine excreted; radioactivity in -urine and -iJti'-ine components 
Ouverte,.oral administration 
2^/4. Time after 
C -administration(hr) 
Volume of 
•urine (eiI) • 
Actiid-ty per 







1 480 .757 0.3 98 22 47 
2 1,579 0.5 236 36 95 
3 210 4,333 0.7 985 66 187 
6 80 12,732 0.7 2,850 113 728 
7 84 7,148 OA 1,837 42 476 
9 135 2,603 0.3 612 332 
11 85 563 0.04 57 23 ll2>. 
22 1,725 2,452 3.1 462 36 113 
29 625 1,418 0,66 218 22 85 
34 810 498 0,3 
i!-3 1,465 653 0.7 
46 570 146 0.1 
55 84|0 1,638 1.1 
73 2,020 136 0.2 
Total 9.624 9.1 
Table 39» Vol'oias of ua-ine excreted; radioactivity in iirine and -urine components 
Ouverto, caecal adininistration 
TiiTie after Vol-uine of Activity per Total activi'ky Specific activity Cdprn/rnl) 
C "^ -adriiinis'trationClxr) urine (ml) ïïlL of urine (m) Sucrose Fructose Trioses 
1 200 39 0.01 
2 140 2,45.^ 4 0.25 115 46 85 
3 95 2,738 0.2 183 53 • 89 
5 200 2,820 0.6 176 47 86 
9 205 1,908 0.3 102 32 87 
11 245 795 0.14 76 12 45 
13 145 173 0.02 
21 1,285 592 0.44 46 22 38 
26 735 254 0.14 
37 1,750 443 0.6 
50 i/nq 361 0.4 
Total 6.410 3.1 
Table 40o Radioactivity of blood and blood components (dpra/nil) 
Konstantis, oral administration 
Sampling tiiae (liQ-urs) 
Fraction 0" 1 2 k 7 12 17 27 42 
Plasma 172 173 26l 290 102 
Soluble riiaterials 14] 87 147 131 43 
Protein fraction 0 33 58 ,4a- 34 
Lipid fraction 0 Ll- 14 27 6 
Sucrose 32 27 17 ,9, 8 
Siraple sugars 15 • 10 0 15 34 
Acetate 0 3 27 25 4 
Caecal administration 
Hasina 30 24^  240 305 320 250 150 90 60 
Soluble liiaterials 123 123 134 93 93 47 28 13. 
Protein fraction 23 4-3 53 85 35 . 38 23 12 
Lipid fraction 12 28 23 33 23 24 18 12 
Sucrose 30 18 13 21 14 0 0 0 
Simple sugars 5 6 6 •0 3 4 3 0 
Acetate 21 22 25 13 15 7 3 3 
SEiaU araorait of radioactivity in blood was observed at the beginning of the second trial. 
Table 4l. Hadioactivity of blood and blood components (dpïa/riil) 
General, oral administration 
Sarapling: time (hours) 
Fraction 0 1 2 4 7 12 17 
Plasma 31 134 130 232 4l4 378 135 
Soluble materials 10 85 73 93 193 131 43 
Protein fraction 9 0 13 53 98 83 31 
Lipid fraction 5 13 18 22 35 21 15 
Sucrose 38 22 7 0 0 0 
Simple sugars 4 3 13 14 22 15 
Acetate 2 2 22 31 32 3 
Caecal administration 
ELasina 296 265 211 184 106 55 
Soluble materials 108 117 90 73 45 21 
Pi'otein fraction 79 63 43 35 11 9 
Lipid fraction 21 15 21 23 18 8 
Sucrose 
- 13 I'P 8 4 2 0 
Simple sugars 6 7 6 9 12 0 
Acetate 18 21 15 4 3 0 
Table 42. Radioactivitj of blood and blood components (dpm/riil) 
Benitto, oral adiiiinistration 
Sampling: tinie (hours) 
h. h Fraction 0 1 2 3 4 5 8 13 20 27 
Plasma 17 135 133 409 539 498 65 52 
Soluble materials 94 93 ; 254 192 330 231 20 25 
Protein fraction 6 13 63 73 112 130 26 14 
Lipid fraction 5 15 23 40 32 28 9 7 
Sucrose 17 3 14 6 0 0 0 0 
Simple sugars 28 5 2 0 0 3 2 3 
Acetate 0 3 17 23 28 7 0 0 
Colon adininiistration 
Plasma 273 250 83 • 53 12 , 
Soluble materials 103 105 22 
Protein fraction 63 84 38 
Lipid fraction 18 24 . 15 
Sucrose 32 27 
Simple sugars 15 19 
Acetate 28 17 
Table ^ 3° Radioactivity of blood and blood components (dpra/nil) 
Ouverte, oral administration 
Sampling time fho-urs) 
Fraction 0\ 1 2 >4- 7 12 17 
Flasnia 273 261 579 553 
Soluble materials 93 102 283 298 
Protein fraction 81 53 175 123 
Lipid fraction 25 28 22 33 
Sucrose 14 13 22 17 
Simple sugars 2 3 4 7 
Acetate 28 35 42 44 
Caecal administration 
HLasma 43 572 926 1,153 1,199 655 557 
Soluble materials 32 432 550 618 648 371 312 
I'rotein fraction 5 76 125 160 230 191 124 
Lipid fraction li- 27 32 39 48 23 35 
Sucrose 13 11 8 3 0 0 
Simple sugars 3 4 6 12 11 8 
Acetate 43 37 55 37 23 12 
